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FOREWORD 

This report is a comprehensive overview study of potential alternative

methods for long-term management of high-level radioactive waste. The study

includes a compilation of information relevant to technical feasibility,

safety, cost, environmental considerations, policy conflicts, public response

and research and development needs for:

1. Disposal in terrestrial locations

a. In geologic settings on land

b. In the seabed

c. In ice sheets

2. Disposal into space

3. Elimination by transmutation (nuclear transformation of certain

waste constituents into nuclides having less long-term toxicity).

The study is limited to the management of high-level radioactive waste from

nuclear power by variations of these alternatives. Consideration of alterna-

tive types of electrical power generation are not within the scope of the

study. In addition, evaluation of interim storage of radioactive waste in

retrievable surface storage facilities is not part of this study. Disposal of

waste in bedded salt deposits was studied extensively in other AEC programs,

and the concept is included here as part of the overall matrix of geologic

disposal techniques.

To complement these studies, investigations were also conducted on waste

partitioning (separation of radionuclides in radioactive waste into different

elements or groups of elements according to' their long-term toxicity or suita-

bility for different disposal methods), and systems methodology was developed

to assess the effects of radionuclides from waste introduced into man's eco-

logical cycle, assuming some failure of the primary waste containment.

Information pertinent to evaluating the various potential waste disposal

techniques was developed without promoting any single disposal concept. The

study is concerned with management of the waste and does not consider the

potential for recovery of resources within the waste, including the heat.

Concepts are developed only to the detail necessary to describe them for the

overall investigation and in general are studied on a systematic, generic

basis. This information can be used in comparing and assessing the various

disposal concepts as a basis for decisions regarding their further study.
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The evaluations of feasibility are not restricted to currently available

technology. Rather, the study attempts to take into account technology which

can be developed or is expected to be available at least within the next four

decades. Indeed, most of the concepts studied are estimated to require 15 to

30 years for full implementation.

The study includes most currently known waste management alternatives, but

is not considered to be all-inclusive. As new data become available, and as

new or varied concepts become evident (e.g., disposal in rocks in permafrost

areas, isotopic dilution of selected materials, etc.,) comparable follow-on

studies will be carried out.

This investigation has been performed largely by a multiple-discipline

technical staff at the Pacific Northwest Laboratory of Battelle Memorial

Institute with significant input from a large number of consultants and out-

side contributors. This wide involvement of persons was an attempt to assure

up-to-date and accurate coverage of the broad scope of subject matter, includ-

ing areas where there are diversities of opinions.

This report is issued as nine major sections in four volumes:

Volume 1 Section 1 Summary(a)

Section 2 Background and Data Base

Section 3 Evaluation Methodology

Volume 2 Section 4 Geologic Disposal

Volume 3 Section 5 Ice Sheet Disposal

Section 6 Seabed Disposal

Volume 4 Section 7 Waste Partitioning

Section 8 Extraterrestrial Disposal

Section 9 Transmutation Processing

Appendix material is included with its own respective volume.

In general, metric system units are used in this report. Conversion fac-

tors to English units are given in Appendix 1.A.

a. This section is almost identical to WASH 1297, High-Level Radioactive 
Waste Management Alternatives, US AEC Division of Waste Management and
Transportation, May 1974.



vii BNWL-1900

ACKNOWLEDGMENTS - TOTAL REPORT 

This study, performed over a period of about 1.5 years, received significant

support from many people who are not listed as key contributors. The contribu-

tions of these persons are gratefully acknowledged. Although the total of such

participants is too numerous to mention, the following list shows many of the

major contributors.

Program Guidance, Funding and Review 

F. K. Pittman
U.S. A.E.C., Division of Waste
Management and Transportation

A. F. Perge
U.S. A.E.C., Division of Waste
Management and Transportation

R. W. Ramsey
U.S. A.E.C., Division of Waste
Management and Transportation

H. F. Soule
U.S. A.E.C., Division of Waste
Management and Transportation

O. J. Elgert
U.S. A.E.C.,

R. B. Goranson
U.S. A.E.C.,

N. T. Karagianes
U.S. A.E.C.,

R. D. Fogerson
U.S. A.E.C.,

Overall Review

Richland Office

Richland Office

Richland Office

Richland Office

G. H. Daly
U.S. A.E.C., Division of Waste
Management and Transportation

M. Skalka
U.S. A.E.0 , Division of Waste
Management and Transportation

R. D. Walton
U.S. A.E.C., Division of Waste
Management and Transportation

W. K. Eister
U.S. A.E.C., Division of Waste
Management and Transportation

A. F. Kluk
U.S. A.E.C., Division of Waste
Management and Transportation

V. G. Trice
U.S. A.E.C., Division of Waste
Management and Transportation

T. L. Dunckel
U.S. A.E.C., Division of Waste
Management and Transportation

C. L. Osterberg
U.S. A.E.C., Division of Bio-
medical and Environmental
Research

H. M. Parker
Battelle, Pacific Northwest
Laboratory

C. M. Unruh
Battelle, Pacific Northwest
Laboratory

R. F. Foster
Battelle, Pacific Northwest
Laboratory

Study Methodology and Safety 
Considerations 

Fault Tree Consultant 

P. A. Crosetti
United Nuclear Industries

Risk and Public Response Task Force 

S. S.

J.

S. M.

L. H.

L. A.

C.

P.

N. E.

Epstein, M.D.
Case Western University
McCarroll, M.D.
Los Angeles Medical Services
Division
Nealey
Battelle, Human Affairs
Research Center
Rappoport
Kansas State University
Sagan, M.D.
Palo Alto Clinic
Starr
Electric Power Research
Institute
Slovic
Oregon Research Institute
Rasmussen
Massachusetts Institute of
Technology

Geoloqic Disposal Concepts 

Reviewers 

W. S.

R. K.

G. D.

A. L.

T. F.

Twenhofel
U.S. Geological
Blankennagel
U.S. Geological
deBuchannane
U.S. Geological
Washington, DC
Bcch
Oak Ridge National
Lomenick
Oak Ridge National

Survey,

Survey,

Survey,

Denver

Denver

Laboratory

Laboratory



viii

W. C. McClain
Oak Ridge National Laboratory

J. O. Blomeke
Oak Ridge National Laboratory

Consultants 

R. F. Walters, Walters Drillino
P. F. Kerr
H. A. Coombs

University of Washington
J. Gilluly

R. L. Loofbourow
G. C. Kennedy

University of California
Los Angeles

Ice Sheet Disposal Concepts

Consultant and Reviewer 

C. B. B. Bull
Ohio State University

Reviewers 

J. H. Zumberge
University of Nebraska

M. F. Meier
U.S. Geological Survey

E. J. Zeller
University of Kansas

Seabed Disposal Concepts 

Consultant and Reviewer 

M. N A. Peterson
Scripps Institution of
Oceanography

Reviewers and Technical 
Editorial Assistance 

W. P. Bishop
Sandia Laboratories

C. D. Hollister
Woods Hole Oceanographic
Institute

Reviewers 

D. A. McManus
University of Washington

J. S. Creager
University of Washington

A. J. Coyle
Battelle Columbus

BNWL-1900

Transmutation Concepts 

Reviewers 

A. S. Kubo
U.S. Military Academy
West Point

B. I. Spinrad
Oregon State University

H. W. Lefevre
University of Oregon

C. J. Poncelet
Carnegie-Mellon Institute

J. L. Crandall
E. I. duPont de Nemours and Co.

R. E. Hellens
Combustion Engineering, Inc.

D. G. Foster, Jr
University of California

Waste Partitioning 

Amicon Corp., Cambridge, MA
C. E. Armantrout

U.S. Bureau of Mines
L. E. Bruns

Atlantic Richfield Hanford Co.
W. W. Schulz

Atlantic Richfield Hanford Co.
C. R. Cooley

Hanford Enaineering Development
Laboratory

R. E. Lerch
Hanford Engineering Development
Laboratory

G. L. Richardson
Hanford 1ngineering Development
Laboratory

R. E. Leuze
Oak Ridge National Laboratory

D. F. Peppard
Argonne National Laboratory

H. C. Rathvon
Exxon Nuclear

T. H. Siddall
Louisiana State University

R. E. Sparks
Washington University

G. W. Watt
University of Texas

Report Editor 

J. A. Powell



ix BNWL-1900

CONTENTS - TOTAL REPORT 

Abbreviated contents of the total 4-volume report are listed here.

Detailed contents of each of the nine sections are listed at the front of each

section.

VOLUME 1 

STUDY CONTRIBUTORS - TOTAL REPORT

FOREWORD. .

ACKNOWLEDGMENTS - TOTAL REPORT

CONTENTS - TOTAL REPORT

iii

vii

ix

1.0 SUMMARY . 1.1

1.1 INTRODUCTION 1.1

1.2 HIGH-LEVEL RADIOACTIVE WASTE MANAGEMENT 1.3

1.3 HIGH-LEVEL RADIOACTIVE WASTE 1.6

1.4 STUDY METHODOLOGY . 1.10

1.5 SAFETY CONSIDERATIONS . 1.13

1.6 DISPOSAL CONCEPTS - DESCRIPTION AND SYSTEMS 1.22

1.7 TECHNICAL FEASIBILITY . 1.46

1.8 RESEARCH, DEVELOPMENT, AND TIMING 1.63

1.9 WASTE MANAGEMENT COSTS. . 1.68

1.10 ENVIRONMENTAL CONSIDERATIONS 1.71

1.11 POLICY CONFLICTS . 1.73

1.12 PUBLIC RESPONSE . 1.74

1.13 SELECTED BIBLIOGRAPHY . 1.76

2.0 BACKGROUND AND DATA BASE 2.1

2.1 WASTE MANAGEMENT OPTIONS 2.1

2.2 POWER PROJECTIONS . 2.5

2.3 REACTOR PLANTS. . 2.7

2.4 FUEL REPROCESSING AND HIGH-LEVEL WASTE. 2.9

2.5 HIGH-LEVEL WASTE CHARACTERISTICS . 2.13

REFERENCES . 2.17

3.0 EVALUATION METHODOLOGY . 3.1

3.1 SAFETY . 3.5

3.2 CONCEPT COST ANALYSIS 3.65

3.3 POLICY CONSIDERATIONS . 3.88

3.4 ENVIRONMENTAL CONSIDERATIONS 3.92

3.5 PUBLIC ATTITUDES AND PERCEPTION OF RISK 3.99

REFERENCES . 3.112



x BNWL-190C

APPENDICES FOR VOLUME 1 

APPENDIX 1.A CONVERSION FACTORS .

APPENDIX 1.B GENERALIZED MAPS OF THE UNITED STATES. .

APPENDIX 2.A NUCLEAR REACTORS BUILT, BEING BUILT, OR PLANNED

APPENDIX 2.B NUCLIDES AND RCG PERMISSIBLE CONCENTRATIONS USED
IN PREPARATION OF TABLES 2.8, 2.9 AND SUMMARY
TABLES OF APPENDICES 2.0 THROUGH 2.G .

APPENDIX 2.0 LWR-U PLANT WASTE. .

APPENDIX 2.D LWR PLANT WASTE, PU FUEL FRACTION.

APPENDIX 2.E HTGR PLANT WASTE .

APPENDIX 2.F AI-LMFBR PLANT WASTE

APPENDIX 2.G GE LMFBR PLANT WASTE

APPENDIX 3.A SPECIMEN DOSE CALCULATION PROGRAM.

APPENDIX 3.B.1 External Radiation Dose Factors.

APPENDIX 3.B.2 Adult Radiation Dose Factors - Ingestion

APPENDIX 3.B.3 Adult Radiation Dose Factors - Inhalation

APPENDIX 3.0 RADIONUCLIDE TRANSFER FACTORS USED IN DOSE
CALCULATIONS FOR SELECTED MEDIA .

APPENDIX 3.D RADIOACTIVITY IN WASTE ACCUMULATED THROUGH
YEAR 2000. . . . .

APPENDIX 3.E ASSUMED RURAL POPULATION DISTRIBUTION FOR
GEOLOGIC DISPOSAL. . . . . . .

APPENDIX 3.F ASSUMED METEOROLOGICAL DATA - WESTERN REGION

APPENDIX 3.G QUESTIONNAIRE - PILOT PUBLIC ATTITUDE STUDY

VOLUME 2 

2.B.1

2.C.1

2.D.1

2.E.1

2.F.1

2.G.1

3.A.1

3.B.1

3.6.2

3.B.3

3.C. 1

3. D. 1

3.E.1

3.F.1

3.G. 1

STUDY CONTRIBUTORS - TOTAL REPORT iii

FOREWORD .

ACKNOWLEDGMENTS. vii

CONTENTS - TOTAL REPORT. ix

4.0 GEOLOGIC DISPOSAL . 4.1

4.1 DESCRIPTION OF GEOLOGIC DISPOSAL CONCEPTS . 4.104

4.2 SYSTEM REQUIREMENTS FOR THE CONCEPTS . 4.138

4.3 GEOLOGIC CONSIDERATIONS FOR SPECIFIC CONCEPTS 4.148

4.4 TECHNICAL FEASIBILITY . 4.157

4.5 SAFETY. . 4.163

4.6 RESEARCH AND DEVELOPMENT NEEDS. 4.165

4.7 TIME REQUIREMENTS FOR COMMERCIAL OPERATION. 4.172

4.8 CAPITAL AND OPERATING COSTS . 4.172

4.9 PUBLIC RESPONSE . 4.174

4.10 POLICY CONSIDERATIONS. 4.175

4.11 ENVIRONMENTAL IMPACT . 4.177



REFERENCES .

APPENDIX 4.A

APPENDIX 4.B

APPENDIX 4.0

APPENDIX 4.D

APPENDIX 4.E

APPENDIX 4.F

APPENDIX 4.G

xi

GLOSSARY OF GEOHYDROLOGIC TERMS .

MAJOR STRATIGRAPHIC AND TIME DIVISIONS

CHEMICAL COMPOSITIONS (IN PERCENT) AND PHYSICAL AND
HYDROLOGIC PROPERTIES OF PRINCIPAL ROCK TYPES .

MODIFIED MERCALLI INTENSITY SCALE .

PROMINENT EARTHQUAKES IN THE UNITED STATES
THROUGH 1970 . .

DESCRIPTION OF SYSTEMS FOR COST BASES .

TIMING REQUIREMENTS FOR RESEARCH AND BENEFICIAL
OCCUPANCY OF A COMMERCIAL REPOSITORY .

VOLUME 3 

STUDY CONTRIBUTORS - TOTAL REPORT

FOREWORD .

ACKNOWLEDGMENTS - TOTAL REPORT

CONTENTS - TOTAL REPORT

5.0 ICE SHEET WASTE MANAGEMENT SYSTEM

5.1 CONCEPTS DESCRIPTION .

5.2 TECHNICAL FEASIBILITY .

5.3 ESTIMATED RESEARCH AND DEVELOPMENT REQUIREMENTS

5.4 ESTIMATED TIME REQUIREMENTS FOR OPERATION .

5.5 ESTIMATED CAPITAL AND OPERATING COSTS .

5.6 PUBLIC RESPONSE, POLICY AND ENVIRONMENTAL IMPACT

REFERENCES .

6.0 SEABED WASTE MANAGEMENT SYSTEM .

6.1 CONCEPTS DESCRIPTION .

6.2 TECHNICAL FEASIBILITY .

6.3 ESTIMATED RESEARCH AND DEVELOPMENT REQUIREMENTS

6.4 ESTIMATED TIME REQUIREMENTS FOR OPERATION .

6.5 ESTIMATED CAPITAL AND OPERATING COSTS .

6.6 PUBLIC RESPONSE, POLICY, ENVIRONMENTAL IMPACT .

REFERENCES .

APPENDIX 5.A

APPENDIX 5.B

APPENDIX 5.0

APPENDIX 5.D

APPENDIX 6.A

APPENDIX 6.8

APPENDICES FOR VOLUME 3 

A PROPOSAL FOR THE ESTABLISHMENT OF A PERMANENT
INTERNATIONAL HIGH-LEVEL RADIOACTIVE WASTE
REPOSITORY IN ANTARCTICA .

THE GREENLAND' ICE SHEET

THE ANTARCTIC ICE SHEET

SELECTED CHAPTERS FROM INTRODUCTION TO ANTARCTICA 

WASTE CANISTER MATERIAL FOR SEABED AND ICE
SHEET ENVIRONMENTS .

FEASIBILITY STUDY: SUB-SEAFLOOR EMPLACEMENT
OF NUCLEAR WASTE .

BNWL-1900

4.177

4.A.1

4.B.1

4.C.1

4.D.1

4.E.1

4.F.1

4.G.1

iii

v

vii

x

5.1

5.2

5.17

5.22

5.29

5.29

5.33

5.38

6.1

6.1

6.17

6.27

6.35

6.35

6.38

6.40

5.A.1

5.6.1

5.C.1

5.D.1

6 .A. 1

6.6.1



xii BNWL-1900

VOLUME 4 

STUDY CONTRIBUTORS - TOTAL REPORT

FOREWORD. .

ACKNOWLEDGMENTS - TOTAL REPORT

CONTENTS - TOTAL REPORT .

7.0 POTENTIAL FOR WASTE PARTITIONING

7.1 BENEFITS TO BE GAINED .

7.2 PARTITIONING PROCESSES .

7.3 ANALYTICAL REQUIREMENTS.

7.4 PARTITIONING COSTS .

7.5 RESEARCH AND DEVELOPMENT REQUIREMENTS

REFERENCES .

8.0 EXTRATERRESTRIAL DISPOSAL .

8.1 EXTRATERRESTRIAL WASTE MANAGEMENT SYSTEM

8.2 TECHNICAL FEASIBILITY .

8.3 RESEARCH AND DEVELOPMENT REQUIREMENTS .

8.4 TIME REQUIREMENTS FOR COMMERCIAL OPERATION

8.5 CAPITAL AND OPERATING COSTS .

8.6 PUBLIC RESPONSE, POLICY AND ENVIRONMENTAL

REFERENCES .

9.0 TRANSMUTATION PROCESSING/ELIMINATION .

9.1 TRANcMUTATION WAcTP MANAaPMENT SYcTPMS .

9.2 TECHNICAL FEASIBILITY .

9.3 ESTIMATED RESEARCH AND DEVELOPMENT REQUIREMENTS.

9.4 ESTIMATED TIME FOR REQUIREMENTS FOR OPERATION .

9.5 CAPITAL AND OPERATING COSTS

9.6 PUBLIC RESPONSE .

9.7 POLICY CONSIDERATIONS .

9.8 ENVIRONMENTAL CONSIDERATIONS

9.9 SAFETY ASPECTS OF ACTINIDE RECYCLE IN LWRs

REFERENCES .

APPENDIX 8.A

APPENDIX 8.B

APPENDIX 8.0

APPENDIX 8.D

APPENDICES FOR VOLUME 4 

NASA EXECUTIVE SUMMARY - FEASIBILITY OF SPACE
DISPOSAL OF RADIOACTIVE NUCLEAR WASTE .

STUDY OF EXTRATERRESTRIAL DISPOSAL OF
RADIOACTIVE WASTES PART II

AN EVALUATION OF SOME SPECIAL TECHNIQUES
FOR NUCLEAR WASTE DISPOSAL IN SPACE .

FEASIBILITY OF USING AN ORBITING ACCELERATOR
TO EJECT RADIOACTIVE WASTE PRODUCTS INTO SPACE.

iii

v

vii

ix

7.1

7.1

7.3

7.10

7.10

7.11

7.14

8.1

8.1

8.11

8.53

8.58

8.59

8.62

8.72

9.1

9.1

9.10

9.25

9.30

9.31

9.36

9.36

9.37

9.42

9.44

8.A.1

8.B.1

8.C.1

8.D.1



APPENDIX 8.E

APPENDIX

APPENDIX

APPENDIX

8.F

9.A

9.B

APPENDIX 9.0

APPENDIX 9.D

APPENDIX 9.E

TERRESTRIAL AND STELLAR CONTAMINATION FROM SPACE
DISPOSAL OF NUCLEAR WASTES .

COST ESTIMATE DATA .

TRANSMUTATION BY ACCELERATORS .

TRANSMUTATION BY FISSION AND THERMONUCLEAR
EXPLOSIVE DEVICES .

TRANSMUTATION BY FISSION REACTORS .

TRANSMUTATION BY FUSION (CTR) REACTORS.

COMMENTS OF PEER REVLEWERS. .

BNWL-1900

8.E.1

8.F.1

9.A.1

9.B.1

9.C.1

9.D.1

9.E.1



1



SECTION 1: SUMMARY

Section 1 Contributors

J. B. Burnham
R. E. Burns
J. P. Corley
D. E. Deonigi
K. Drumheller
M. R. Kreiter
R. C. Liikala
R. W. McKee
T. I. McSweeney
K. J. Schneider
R. W. Wallace
W. K. Winegardner

BNWL-1900 1/ 1





BNWL-1900

CONTENTS 

LIST OF FIGURES .

LIST OF TABLES . vi

1.0 SUMMARY . 1.1

1.1 INTRODUCTION 1.1

1.2 HIGH-LEVEL RADIOACTIVE WASTE MANAGEMENT 1.3

1.3 HIGH-LEVEL RADIOACTIVE WASTE 1.6

1.4 STUDY METHODOLOGY . 1.10

1.5 SAFETY CONSIDERATIONS . 1.13

1.5.1 Failure Mode Analysis and Release Probabilities . 1.15

1.5.1.1 Sample Waste Release Probability Estimate . 1.16

1.5.1.2 Application of Fault Trees to Other Disposal Concepts 1.18

1.5.2 Transport Mechanisms. 1.18

1.5.3 Dose to Man . 1.19

1.5.4 Risk to Man . 1.20

1.6 DISPOSAL CONCEPTS - DESCRIPTION AND SYSTEMS 1.22

1.6.1 Geologic Disposal Concepts . 1.22

1.6.1.1 Solid Waste Emplaced in Mined Cavity -
No Fluid Coolina or Meltina . . 1.24

1.6.1.2 Solid Waste Emplaced in Mined Cavities - Interim
Liquid Cooling and Conversion to Rock-Waste Matrix. 1.26

1.6.1.3 Solid Was.te Emplaced in Manmade Structures in
Geologic Formations - Interim Air Cooling . 1.27

1.6.1.4 Solid Waste Emplaced in Manmade Structures in
Geologic Formations - Interim Water Cooling . 1.28

1.6.1.5 Liquid Waste Emplaced in a Mined Cavity - In-Place
Drying and Conversion to Rock-Waste Matrix. 1.30

1.6.1.6 Liquid Waste Emplaced in Exploded Cavities - In-Place
Drying and Conversion to Rock-Waste Matrix. 1.31

1.6.1.7 Solid Waste Emplaced in a Matrix of Drilled Holes
No Melting. 1.32

1.6.1.8 Solid Waste Emplaced in a Deep Hole - In-Place
Conversion to a Rock-Waste Matrix . 1.32

1.6.1.9 Liquid Waste Emplaced in a Deep Hole - In-Place
Drying and Conversion to a Rock-Waste Matrix . 1.33

1.6.1.10 Liquid Waste Emplaced by Hydraulic Fracturing
In-Place Conversion to a Solid. . . .

1.6.2 Ice Sheet Disposal Concepts .

1.6.3 Seabed Disposal Concepts.

1.6.4 Extraterrestrial Disposal Concepts

1.6.5 Transmutation Elimination

1.7 TECHNICAL FEASIBILITY .

1.7.1 Geologic Disposal Concepts

1.7.2 Ice Sheet Concepts .

1.7.3 Seabed Concepts .

1.7.4 Extraterrestrial Concepts

1.34

1.34

1.38

1.40

1.42

1.46

1.46

1.52

1.54

1.55



1.iv BNWL-1900

1.7.5 Transmutation Elimination Concepts 1.58

1.7.6 Waste Partitioning . 1.60

1.8 RESEARCH, DEVELOPMENT, AND TIMING . 1.63

1.8.1 Geologic Concepts 1.63

1.8.2 Ice Sheet Concepts 1.65

1.8.3 Seabed Concepts . 1.65

1.8.4 Extraterrestrial Concepts 1.66

1.8.5 Transmutation Elimination Concepts 1.67

1.8.6 Waste Partitioning . 1.67

1.9 WASTE MANAGEMENT COSTS. 1.63

1.10 ENVIRONMENTAL CONSIDERATIONS 1.71

1.11 POLICY CONFLICTS . 1.73

1.12 PUBLIC RESPONSE. . 1.74

1.13 SELECTED BIBLIOGRAPHY . 1.76



1.v

LIST OF FIGURES 

1.1 High-Level Radioactive Waste Management Options

1.2 Relationships Among Study Evaluation Factors .

1.3 Interrelationships Among Pathway, Probability and Risk

1.4 System Requirements for High-Level Radioactive Waste Management
in Terrestrial Locations . 1.25

1.5 Solid Waste Emplacement in a Mined Cavity - No Fluid
Cooling or Melting 1.25

1.6 Solid Waste Emplacement in a Mined Cavity - Interim Liquid
Cooling and Waste-Rock Melting . 1.27

1.7 Solid Waste Emplacement in a Mined Tunnel - Interim Natural
Convection Air Cooling, No Melting 1.28

1.8 Solid Waste Emplacement in Manmade Structure with Interim
Boiling Water Cooling, No Melting 1.29

1.9 Liquid Waste Emplacement in a Mined Cavity - In-Place
Drying and Conversion to Rock-Waste Matrix 1.30

1.10 Liquid Waste Emplacement in an Exploded Cavity - In-Place Drying
and Conversion to Rock-Waste Matrix . 1.31

1.11 Solid Waste Emplacement in a Matrix of Drilled Holes - No
Melting . 1.32

1.12 Solid Waste Emplacement in a Deep Hole with In-Place Conversion
to a Rock Waste Matrix 1.33

1.13 Liquid Waste Emplacement in a Deep Hole - In-Place Drying and
Conversion to Rock-Waste Matrix . 1.34

1.14 Liquid Waste Emplacement by Hydraulic Fracturing - In-Place
Conversion to a Solid 1.35

1.15 Operations in Ice Sheet Disposal . 1.36

1.16 Ice Sheet Disposal Concepts . 1.37

1.17 Operations in Seabed Disposal 1.39

1.18 Seabed Disposal Concepts . 1.40

1.19 System Requirements for Managing High-Level Radioactive Waste
by Extraterrestrial Disposal . 1.41

1.20 Shuttle Launch Deployment Sequence for Extraterrestrial Disposal 1.42

1.21 System Requirements for High-Level Radioactive Waste Management
Using Transmutation . 1.43

1.22 Transmutation Waste Management Strategy . 1.44

1.23 Potentially Suitable Areas for Geologic Disposal Sites Using
the Deep Hole Concept 1.51

1.24 Potentially Suitable Areas for Geologic Disposal Sites Using
the Cavity and Matrix Hole Concepts . 1.51

BNWL-1900



1.1

1.vi BNWL-1900

LIST OF TABLES

1.1Concepts Under Study for High-Level Radioactive Waste Management

1.2 Investigation Objectives for Each Waste Management Alternative . 1.2

1.3 Typical Materials in High-Level Liquid Waste  1 7

1.4 Characteristics of Solidified High-Level Waste 1.8

1.5 Sample Components of Release Sequence Probabilities for Geologic
Disposal  1 17

1.6 Calculated Whole Body Radiation Doses from Hypothetic Release
of Waste Inventory of Year 2000 in Geologic Disposal . 1.20

1.7 Summary of System Characteristics for Alternative Waste
Management Systems  1.23

1.8 Characteristics of Geologic Disposal Concepts 1.24

1.9 Summary of Technical Feasiblity for Alternative Waste Management
Systems 1 47

1.10 Summary of Potential Space Destinations ... 1.56

1.11 Summary of Transmutation Device Feasibility . 1.58

1.12 Partitioning Feasibiiity Study Conciusions: Adequacy of 1.61
Existing Technology

1.13 Estimated Research and Development Needs and Timing to Routine
Operation 1 64

1.14 Summary of Concept Cost Evaluations . .... 1.69



1.0 SUMMARY 

1.1 INTRODUCTION 

This section is a summary of a com-

prehensive overview study of poten-

tial alternatives for lonq-term man-

agement of high-level radioactive 

wast@ sponsored by the United States

Atomic Energy Commission Division of

Waste Management and Transporta-

BNWL-1900

tion.(a) The report describes the

various waste management alternatives

that have been studied by the Pacific

Northwest Laboratory and outlines the

methods being used for evaluation.

The following items in Table 1.1 were

subjects of the study.

TABLE 1.1 Concepts Under Study for High-Level
Radioactive Waste Management

Geologic 

Mined Cavity
Nuclear Cavity
Deep Hole
Drilled Hole Matrix
Manmade Structures in

Geologic Formations
Hydraulic Fracturing

A. PROCESSING

Partitioninq*

B. DISPOSAL ON THE EARTH 

Seabed Ice Sheet 

Stable Deep Sea Floor
Subduction Zones and

Oeep Trenches
Rapid Sedimentation Areas

C. DISPOSAL OFF THE EARTH 

Extraterrestrial 

Solar Impact
Earth and Solar Orbit
Solar Escape to Deep Space

D. ELIMINATION

Transmutation 

Ice Burial - Free Flow
Ice Burial - Anchored
ice Surface Facility

Accelerator
Fission Reactor
Nuclear Explosive
Controlled Thermonuclear Reactor
(Fusion Reactor)

* Partitioning is a chemical separation of waste constituents into two fractions:
one which contains the long-lived actinide elements and one which contains the
fission products. Variations from this basic definition are also included in
the study.

a. See Section 1.3 of this report for a description of high-level radioactive
waste.
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For each waste management alternative under investigation the information

in Table 1.2 is presented:

TABLE 1.2. Investigation Objectives for Each
Waste Management Alternative

Compile and Investigate:

• Technical Feasibility Information

• Safet.y Information and Methodology for Analysis
• Policy, Environmental, and Public Response Considerations
• Advantages and Disadvantages

' Needed Research and Development

Estimate:

' Research and Development Costs

• Schedules and Capital and Operating Costs for Implementation

In this general order the report

describes:

• High-level nuclear waste manage-

ment
• High-level nuclear waste--its

origin, characteristics and

conditioning processes
• Study methodology
• Safety considerations
• Disposal concepts--descriptions

and system requirements
• Technical feasibility, advantages

and disadvantages of concepts

• Research and development needs and

commercialization schedules

• Capital and operating costs
• Special nonradiological environ-

mental considerations

• Policy considerations

• Public response considerations

Following the description of waste

management consiaerations and method-

ology for this investigation, ali the

elements listed from "Technical Feasi-

bility" (Section 1.7) through "Public

Response Considerations" (Sec-

tion 1.12) are discussed for each dis-

posal concept. The disposal concepts

were studied on a systematic, generic

basis and developed only to the ex-

tent necessary to perform the overall

evaluations. Continued studies will

develop a plan for development of ad-

vanced concepts which mioht be

selected.



1.3 BNWL-1900

1.2 HIGH-LEVEL RADIOACTIVE WASTE MANAGEMENT 

Radioisotopes of concern in high-

level waste originate in a nuclear 

reactor. The fission products (other

chemical elements formed by nuclear

fragmentation of actinide elements

such as uranium or plutonium, etc.)

accumulate in the nuclear fuel, along

with plutonium and other trans-

uranic
(a) nuclides.

Fuel discharged from the nuclear

reactor is reprocessed to recover 

uranium and plutonium by chemical

dissolution and treatment. During

this step currently favored treatment

processes form high-level waste as an

acidic aqueous stream. Other pro-

cesses are being considered which

would produce high-level waste in

different forms. This high-level

waste contains most of the reactor-

produced fission products and acti-

nides, with slight residues of the

uranium and plutonium. These waste

products generate sufficient heat to

require substantial cooling and emit

large amounts of potentially hazard-

ous ionizing radiation. Because the

reprocessing step normally does not

dissolve much of the nuclear fuel

cladding, high-level waste normally

contains only a small amount of the

radionuclides formed as activation

products within the cladding. This

cladding hull waste is currently man-

aged as a separate solid waste stream

and has not been considered in this

study.

The first high-level waste was

produced in the mid-1940's as a re-

sult of Manhattan Project activities.

Since then such waste, arising from

defense production and nuclear power

development, has been stored as

either aqueous solutions or solids at

AEC installations, and as aqueous

solutions at the one only Operational

commercial fuel reprocessing plant

(Nuclear Fuel Services at West Valley,

New York).

The exponential growth of nuclear 

power in the United States will re-

sult in increased quantities of high-

level waste. Installed U.S. nuclear

electrical generating capacity is

projected to increase from about

25,000 megawatts in 1974 to about

1,200,000 megawatts by the year 2000.

The anticipated volume of solidified

high-level waste accumulated from now

until

cubic

solid

the year 2000 is about 13,000

meters. If this amount of

waste were stacked as a solid

cube, the cube would be about 25

meters on a side. Approximately

150,000 megacuries of radioactivity

and 700 megawatts of heat will be

associated with this projected waste

inventory in the year 2000. This

heat content is equivalent to about

one-third of the waste heat rejected

from one Light Water Reactor (LWR)

which generates 1000 megawatts of

electricity. This study uses the LWR

as the reference type of nuclear

a. Transuranic elements are those higher than uranium on the periodic
table of chemical elements. Transuranic elements are also actinide
elements.



reactor and generally considers the

projected amount of waste accumulated

in the U.S. through the year 2000.

Major options for waste management 

are shown in Figure 1.1. This logic

diagram indicates most of the poten-

tial routings of nuclear

ing wi0 its presence in

charged reactor fuel and

to its final disposal or
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waste, start-

the dis-

continuing

elimination

step. Partitioning (removal of
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fied as processing steps of the waste

management scheme used.
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waste materials are defined as those

with radioactive decay half-lives of

no more than tens of years, whereas

the long-lived are those with half-

lives of hundreds or more years.

Partitioning treatment of the

waste is a key element in certain of

the waste management systems. Di-

viding the high-level waste into long:-

and short-lived fractions allows the

two waste fractions to be managed

separately. The short-lived fraction

will diminish to very low levels in

about a thousand years, and the long-

lived fraction, much smaller in quan-

tity and heat generation rate, can be

handled by other waste management op-

tions. In the broadest sense only

three management options exist for

tha longer-lived and highly toxic

actinide fraction of the waste:

1) elimination of the waste constitu-

ents by beneficial transmutation 

(nuclear conversion to other less un-

desirable isotopes), or 2) safe extra-

terrestrial transport off the earth,

or 3) isolation from man's environ-__

ment somewhere on earth for long time

periods to allow natural radioactive

decay.

In this report "disposal" refers

to a plan to permanently place the

waste in isolation, sometimes sup-

plemented by manmade barriers to pro-

vide adequate protection for the time

required to decay to unimportant

radioactivity levels. The short-

lived waste fractions will decay to

become nonradioactive in relatively

short times--times short enough to

perhaps consider long-term storage

such as in manmade structures. Man-

made artifacts have existed for per-

iods of time weli in excess of 1000

years. Art objects from Chinese and

Egyptian cultures are in good condi-

tion after time periods more than

6000 years. Modern man should be

able to equal or better this perfor-

mance and beneficially use contain-

ment to supplement isolation for the

short-lived fraction of waste.

To produce a short-lived waste

fraction which would decay to unim-

portant radioactivity in about 1000

years would require separation of the

actinide elements and perhaps samar-

ium, technetium, tin, iodine, and

nickel (radioactive nickel is pre-

sent due to irradiation and dissolu-

tion of some fuel cladding). Very

large decontamination factors (ratio

of initidl concentration in waste to

final concentration in waste) in the

10 to 10
8 

range would be required

for some of the elenients, particu-

larly the actinides, to render the re-

mainder of the waste materials non-

radioactive after '\,1000 years' decay

time. Realistically, it is reason-

able to take into account the actual

circumstances of a waste release, in-

cluding dilution of waste within a

geologic formation, the low leach

rate of many solidified waste forms

and the sorption of radionuclides in

the soil. With these natural attenua-

tion factors, the long-lived radio-

nuclides may not need to be removed

so completely from the mixed wastes.

Preliminary use of failure mode and

radiological pathway analyses on sam-

ple cases indicates that perhaps oniy

the actinide elements need be removed

and these only by decontamination

factors of 100 to 1000 (10
2 

to 10
3
).
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1.3 HIGH-LEVEL RADIOACTIVE WASTE 

Typical constituents of the liquid 

high-level waste expected from the

solvent extraction reprocessing of

irradiated fuels from Light Water

Reactors (LWR), Liquid Metal Fast

Breeder Reactors (LMFBR), and High

Temperature Gas-Cooled Reactors (HTGR)

are shown in Table 1.3. The waste is

a nitric acid solution of chemical

salts which typically contains a few

volume percent of solids. The waste

constituents include nonradioactive

chemicals added during reprocessing,

almost all the fission products

(radioactive

transuranium

reactor, and

and nonradioactive), the

actinides formed in the

about 0.5 percent of the

fuei materiais (uranium, plutonium,

thorium) which are not recovered dur-

ing reprocessing. Most of the chem-

ical materials are those added during

fuel reprocessing.

Present Atomic Energy Commission 

(AEC) regulations require that the

liquid high-level waste from fuel re-

processing 1) be converted to a solid 

material within 5 years after separa-

tion in the fuel reprocessing step,

and 2) be encapsulated and shipped to

a federal repository within 10 years

of its production for long-term man-

agement by the AEC. For this study

the solidified high-level waste is

assumed to be encased in steel canis-

ters averaging 30 centimeters (12

inches) in diameter and 300 centi-

meters (10 feet) long. Thus solidifi-

cation and encapsulation must occur

prior to initiation of most disposal

schemes.

Four solidification processes have

been developed in the United States

to the point of radioactive demon-

stration on an engineering scale:

fluidized bed calcination, spray

solidification, pot calcination,

and phosphate glass solidification.

In all four processes, heat is ap-

plied to drive off volatile constiu-

ents, primarily water and nitrates,

resulting in either a calcined

solid or a melt that will cool to

a monolithic solid. The latter

generally requires dilution of the

waste with nonradioactive mate-

rials (20 to 40 percent of the total

solid) to incorporate the waste into

materials (giass or ceramics) that

have low solubility in water and are

fusible at reasonably low tempera-

tures (less than about 1200°C).

Characteristics of typical finai 

solid waste forms from the four pro-

cesses are shown in Table 1.4. The

processes are described briefly below.

Fluidized Bed Calcination. Liquid

waste is atomized into a heated fluid-

ized bed where it is deposited and

calcined on granular bed particles.

The resulting granular "spneres" of

waste calcine may be the final waste

form or they may be incorporated into

crystalline or glassy solids in a

melting stage.

Spray Solidification. Atomized

droplets of waste fall through a

heated chamber where flash evapora-

tion results in solid oxide particles.

Glassmaking solid frit or phosphoric

acid can then be added to provide for
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TABLE 1.3. Typical Materials in High-Level
Waste

Grams/MT from Reactor Tyne
(a)

Reprocessinq

Liquid

Material(b) LWR(c) HTGR(d) LMFBR(e)

Chemicals Hydrogen 400 3,800 1,300
Iron 1,100 1,500 26,200
Nickel 100 400 3,300
Chromium 200 300 6,900
Silicon -- 200 --
Lithium 200
Boron 1,000
Molybdenum 40
Aluminum 6,400
Copper 40
Borate -- -- 98,000
Nitrate 65,800 435,000 244,000
Phosphate 900 -- --
Sulfate -- 1,100
Fluoride 1,900

Sub-total 60,500 454,000 380,uuu

Fuel Prqduct
Losseskf,g) Uranium 4,800 250 4,300

Thorium -- 4,200 --
Plutonium 40 1,000 500

Sub-total 4,840 5,450 4,800

Transuranic
Elements(T) Neptunium 480 1,400 260

Americium 140 30 1,250
Curium 40 10 50

Sub-total 660 -771T-3 1,560

Other Actinides(g) <0.001 20 <0.001

Total Fission Products(h) 28 800 79 400 33,000

TOTAL 103,000 538,000 419,000

a. Water content is not shown; all quantities are rounded.
b. Most constituents are present in soluble, ionic form.
c. U-235 enriched PWR, using 378 liters of aqueous waste per metric ton, 33000

MWd/MT exposure. (Integrated reactor power is expressed in megawatt-days
[Mwd] per unit of fuel in metric tons [MT].)

d. Combined waste from separate reprocessinq of "fresh" fuel and fertile particles,
using 3,785 liters of aqueous waste per metric tor, 94,200 MWd/MT exposure.

e. Mixed core and blanket, with boron as soluble poison, 10% of cladding dissolved,
1,249 liters per metric ton, 37,100 MWd/MT average exposure.

f. 0.5% product loss to waste.
g. At time of reprocessing.
h. Volatile fission products (tritium, noble qases, iodine and bromine) excluded.
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TABLE 1.4. Characteristics of Solidified High-Level Waste

Spray Phosphate Phosphate Borosiljcate Fluidized
Pot Calcine Ceramic Glass Glasska) Bed Calcine

Form Scale Monolithic Monolithic Monolithic Granular

Description Calcine Ceramic Glass Glass Calcine, Mean
Cake, Friable Hard, Tough Hard, Brittle Hard, Brittle Particle Diam.

Bulk Density g/cm3 1.2 to 1.4 2.7 to 3.3 2.7 to 3.0 3.0 to 3.5

100 to 500 ,

1.0 to 1.7

Wt% Fission Product
Oxides (Max.) 90 30 25 50 50

Thermal Conductivity,
W/(m2) (°C/m) 0.3 to 0.4 1.0 to 1.4 0.8 to 1.2 1.0 to 1.4 0.2 to 0.4

Leachability in Cold
Water, g/cfg-day 1.0 to 10

-1
10
-3 to 10-5 10

-4 
to 10

-6(b) 10
- 5 to 10-7 1.0 to 10

-1

a. Produced by either spray or fluidized bed calcining followed by melting, or by
4n-canister vitrification processing.

b. Devitrified phosphate glass exhibits increased leachability (leach
rates = 10-2 to 10-3 g/cm2-day).

melting and glass formation in a con-

tinuous melter or directly in the ves-

sel that will serve as the waste can-

ister. The molten glass or ceramic

is cooled and solidified.

Pot Calcination. Liquid is con-

tinuously added to and boiled away in

a processing vessel which also serves

as the storage canister. When the

canister is full of solids, the addi-

tion of aqueous waste is stopped and

the solid then heated and held at

about 900°C to complete denitration

and dehydration. Feed additives can

be used to result in a glass rather

than a calcine cake.

Phosphate Glass Solidification.

Liquid waste and phosphoric acid are

mixed and concentrated to a thick

sludge in an evaporator. The sludge

goes to a melter where dehydration

and denitration are completed and the

material is melted. The molten phos-

phate glass then drops into a storage

canister where it cools and

solidifies.

The AEC has in progress at the

Pacific Northwest Laboratory a Waste 

Fixation Program (WFP). Its chief

goal is to provide technology and

assistance for reprocessors by devel-

oping appropriate calcining and melt-

ing technology for high-level waste.

Developed systems will be taken all

the way through a radioactive pilot

plant demonstration. Solid waste

forms produced from these demonstra-

tions will be studied to determine

the suitability of the waste forms

and their resistance to adverse ef-

fects of time and environment.

The major emphasis of the WFP is

to provide early solidification tech-

nolcgy by working with silicate glass

or ceramic systems. Because these
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solids have had prior extensive devel-

opment effort on a worldwide basis,

development of acceptable systems to

produce the solids should be near-

term. The silicate solids will offer

a significant improvement in waste

management safety over liquids or cal-

cined solids because of their resis-

tance to leaching and physical trans-

port in the environment.

In an effort parallel to the sili-

cate solid development, studies are

aimed at determining and developing a

final waste form capable of longer

term containment. An example of this

would be a multiple-barrier material.

This could involve coating small

pieces of chemically stable solid

waste with a protective inert mate-

rial. The coated solids could then

be dispersed and further encased in a

protective matrix to consolidate the

particles in a massive solid. Addi-

tional protection could be provided

by outer wrappers.
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1.4 STUDY METHODOLOGY 

The overall method of analysis by

which each disposal concept and its

waste management system elements were

studied is presented briefly in this

section. The relationships among the

major study elements are shown in

Figure 1.2.

The waste management concepts were

first developed to the detail needed

to describe them for overall investi-

gations and in general were studied

on a systematic, generic basis. Con-

cepts were generally developed on the

reference basis of having the capa-

PROBLEM
OSSIBLEH P

110
DEFINITION 

SOLUTION — 
CONCEPTS

TECHNICAL
FEASIBILITY

1
CONCEPT

REJECTION

bility to handle the waste from a

plant which reprocesses 5 metric

tons/day (1825 MT/yr) of spent nu-

clear fuel.(a) This reference capac-

ity was

of time

for the

then scaled up as a function

to accommodate the total need

U.S. nuclear economy through

the year 2000.

After the various disposal con-

cepts were defined, the technical fea-

sibility of each potential concept

was determined in this study by an-

swering the questions:

r
SAFETY

ENV I RONMENTAL
CONS I DERAT IONS

R&D NEEDS —*TIMING

CAPITAL AND
OPERATING COSTS

POLICY
CONFLICTS

PU B LI C ATTITUDES
AND

PERCEIVED SAFETY

FIGURE 1.2. Relationships Among Evaluation Factors

a. High-level waste produced is about 1900 liters/day as aqueous waste.
This quantity amounts to 45,625 metric tons of fuel reprocessed dur-
ing the assumed 25-year life of the plant. Total accumulated solid
waste is in 14,700 "typical" canisters 30 centimeters in diameter and
3 meters long.
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1) Can the disposal concept be im-

plemented using today's technology?

2) Or can the disposal concept be

implemented with future technoloqy

based upon current theory?

3) Can the disposal concept pro-

vide the potential for confininq or

eliminating the waste over the

required time period?

4) Does the concept have a favor-

able energy balance?

Those few concepts that did not

pass this technical feasibility test

(i.e., some transmutation and space

disposal variations) were rejected

from further studies.

Once the technical feasibility of

a concept was established, the other

elements were studied in parallel.

The potential for system safety was

scanned for each concept. A sample

safety analysis was performed for one

generic type of geologic disposal con-

cept to develop and test the safety

analysis methodology. The safety

analysis (discussed later) estimated

the radiation dose(a) from a hypothet-

ical release of waste from a disposal

area.

Environmental considerations,

aside from the potential release of

radioactive materials, were reviewed

such as overall effects on land, air,

sea or water use.

The technology needs were assessed,

and Research and Development needs

(scope, time, and dollars) were esti-

a.

mated. From the Research and Develop-

ment time needs, the total time for 

implementation of each concept was

estimated.

Capital and operating costs were

estimated, using the basic assumption

that the necessary Research and Devel-

opment had been successfully com-

pleted. Costs were estimated and

summed for total waste management sys-

tem activities such as partitioning,

interim liquid and solid storage,

shipping and disposal.

Major policy conflicts that a con-

cept would have with international

and national policies were reviewed

such as agreements that prohibit the

use of the oceans or the Antarctic

continent for waste disposal. The

problems involved with changes can

then be weighed against the safety

and economic potentials of a particu-

lar waste management concept.

The potential public response to a

chosen waste management scheme was

examined in a preliminary pilot test.

Obviously this is a complex subject

and very difficult to evaluate. An

initial study of methodology was de-

signed to identify those aspects of

the waste management systems that

might be deemed most important by the

general public. With future analysis

in depth, information on public atti-

tudes could be factored into concept

design. The public's acceptance of a

technically sound waste management

system is a most important goal.

Radiation dose is an expressicn for the energy absorbed by matter as
a result of exposure to radiation and has the unit "rad." For these
safety studies we have actually used the radiation dose-equivalent,
expressed in "rem," which is a measure of the physiological effects
of radiation on people.
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The final product of the study is

a compilation of information regard-

ing the evaluation factors for the 

various disposal concepts. The out-

come of each of these elements is des-

cribed in different units. Therefore,

the concepts cannot be evaluated by

simply adding up the performance

level by elements. Instead, the tech-

nique being developed for future stud-

ies is one of determining if a dis-

posal concept passes a performance

test for each evaluation factor

listed. For instance, a passing of

the technical feasibility hurdle or

test would be required before de-

tailed analysis

be undertaken.

the pass-reject

of other requirements

The order in which

tests are applied

and the criteria for the various per-

formance hurdles (or concept evalua-

tion factor tests) have not been de-

veloped in this study.
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1.5 SAFETY CONSIDERATIONS 

Safety is a major consideration in

decisions on the use of any potential

disposal scheme. An acceptable op-

tion must provide adequate protection

during operational phases and provide

the necessary isolation during the

long time periods of the disposal

phase.

Lonq-term immobilization or isola-

tion and containment of disposed -

waste are the two major protective de-

vices requisite to the implementation

of a nuclear waste management system.

Substantial interaction can and does

exist between these two factors. In

this context, isolation is used to

mean the factors which influence the

time required for migration of waste

to man's environment; containment is

used to mean immobilization and con-

finement of the waste constituents

within known barriers. Typical iso-

lation factors could include distance,

the ion-exchange capacity of inter-

posed earth materials, the lack of a

transfer

If waste

that the

than the

medium such as water, etc.

is adequately isolated so

migration times are greater

time for radioactive decay,

isolation alone can provide adequate

protection. Conversely, if adequate

containment is provided by manmade

barriers which immobilize the waste--

again for the length of time for

decay--the waste could be placed in

many selected locations even within

man's environment. Here the word

"barrier" is used to include the ma-

trix for the waste, e.g., silicate

glasses, wrappings such as metallic

BNWL-1900

sheets, and facilities such as a con-

crete buildinq, which serve to provide

effective barriers to the escape of

radioactive materials.

The disposal options explored in

this report seek to utilize the maxi-

mum benefits from both isolation and

containment although principal empha-

sis is on isolation. .

For this study "safety" was equated

directly to the potential risk to man

(in terms of radiation dose) that

could result if a disposal option

were

in a

risk

implemented. The key elements

method of assessing potential

are illustrated in Figure 1.3.

Assessment of the risk of a pro-

posed concept starts with the gen-

eral description of the disposal con-

cept. This implies a generic site

description (e.g., ice sheet disposal

defines a general location, surround-

ing geology, and population density),

and it implies the characteristics of

the waste (e.g., the waste form, con-

tainerization, radionuclide content,

and age). The most likely sequences

of failure events leading to possible

release of radioactive materials to

man's environment are then defined

and the probability of these se-

quences taking place is determined.

The next step follows the most likely

sequences through the physical and

chemical mechanisms required to re-

lease the waste constituents into

man's immediate environment. The ge-

neric site defines the media (granite,

salt, shale, air, water, etc.)

through which radionuclides must move
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GENERIC S ITE
CHARACTERISTICS

CONCEPT

1
FAILURE
MODE

ANALYSIS

WASTE
CHARACTERISTICS

TRANSPORT
MECHANISM

TO
ENVIRONMENT

PATHWAY
1-0 TO

MAN

—111 PROBABIUTY
OFRELEASE

H DOSE
TO
MAN

CONCEPT MODIFICATION :40'
_1

RISK I ACCEPTABLE 1
 O. TO I RISK 1

MAN  1  1_
I

FIGURE 1.3. Interrelationships Among Pathway,
Probability and Risk

into man's environment. Next, based

on the population estimated to come

in contact with the waste materials,

tne potential exposure pathways, and

the calculated waste release rate,

the radiation dose to the pcpulation

can be estimated.

Finally, the nobabilistic risk 

(dose) to man can be determined by

multiplying the probability of the

event taking place times the dose if

it takes place. By comparing the

total integrated risks of proposed

concepts with appropriate criteria,

it can be determined whether or not

the risk to man exceeds acceptable

criteria. If the risk level is unac-

ceptably high, the concept could be

rejected or changes could be made in

the concept to reduce the risk. If

the risk for a concept meets all cri-

teria, the concept would be consid-

ered to have met the safety require-

ments, although further improvements

may still be made in the concept.

Of course, concepts in which the risk

is substantially lower than the mea-

surement criteria would be rated as

most favorable.

Development of suitable safety cri-

teria is most important in a final

evaluation of waste management prac-

tices. Development of such criteria

was beyond the scope of this study,

but the following are proposed as rep-

resentative of major safety criteria:

1) On a probabilistic basis, the

risk to the world population from

waste management should represent

only

risk

tion

risk

a minor increase in the total

presently assumed by the opera-

of nuclear power plants. The

contribution from probabilistic

releases from the waste production

of a power plant should be no more

than a fraction of the risk from

chronic effluent releases from the

plant.

2) Because the risk to man from

waste may exist substantially longer
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than the use of fission reactors as

a power source, its risk to future

man should compare favorably with

other involuntary risks that give

little or no benefit. Being struck

by lightning, being killed in an

earthquake or flood and being hit by

a fallen aircraft are examples of in-

voluntary risks with little benefit

to those exposed to the risk. Such

risks result in about one death per

million population per year.(a) Com-

parison of the risk from waste manage-

ment practices would require conver-

sion of radiation dose to deaths to

establish a criterion. Several such

conversions have been postulated but

remain controversial.

3) The dose to the population in

the immediate di.".1 area should

not be great enough to put the popula-

tion at serious immediate risk. This

may require that some protective reac-

tion from a release of waste materi-

als be available; for example, the

population in the affected area may

be evacuated or restricted or the

water supplies may be relocated. It

is assumed that evacuation may be re-

quired if the estimated exposure to

a population group were to exceed

some maximum standard which could not

be decreased through curtailed

operation.

The basic problem with this analyt-

ical technique is that the values

used to describe probabilities of sys-

tem failures, the actual rates of

movement through environmental media

to man, and even the population dis-

tribution around the release from a

plant 1,000 years ar more in the fu-

ture are obviously in question. In

addition, information on the interre-

lationships between dose to man, risk

to man in units of potential deaths

or dollar costs and acceptable risk

were found to be controversial. In-

formation on these subjects must be

developed in future studies.

1.5.1 Failure Mode Analysis and Re-

lease Probabilities 

Evaluation of the safety of any

disposal concept requires identifica-

tion of mechanisms and probabilities

of possible releases of radioactive

waste

ment.

nique 

constituents to man's environ-

The fault tree analysis tech-

was determined to be the

preferred method to provide for

achieving these requirements. The

method provides for calculating the

risk to man (in terms of radiation ex-

posure in this study) on a probabilis-

tic basis.

As an illustration of the method,

a generic fault tree was developed

for geologic disposal in a mined cavi-

ty. In all, 77 basic failure events

were identified as possible contribu-

tors to a waste release from a geolog-

ic disposal site.

a. There is a great deal of concern about natural disasters but essentially
no concern about accidents caused by lightning. In natural disasters,
the concern is high because many people could be exposed to a single
event. These simple comparisons show that perception of risk is very

complex and that numerous factors must be considered.
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For the fault tree to be fully uti-

lized each failure event must be ame-

nable to analysis. Each must have a

predictable failure threshold, and it

must be possible either to obtain a

reasonable data base for predicting

the frequency of the event or else to

show that the failure event is not an

important safety consideration.

Of the 77 failure events in the ex-

ample studied, over 60 are believed

to have predictable failure thresh-

olds; thus it should be possible to

develop data base for predicting

probabilities. They are fully amena-

ble to analysis.

Of the remaining 17 failure events,

the majority were associated with

man's future activities. Although

manic fnture a-tivities can novc.r bo

exactly quantified, the importance of

man's presence can be bracketed by

first assuming the site is not ac-

tively administered and alternatively

by assuming that man is actively con-

trolling activities in the area.

Thus the degree of reliance placed on

man's presence in the region can be

roughly quantified. It is believed

that disposal concepts which place

minimum reliance on man's presence

can be found. Thus, for those con-

cepts the final criterion is met;

i.e., the failure events associated

with man's activity are not an impor-

tant safety consideration.

The remaining failure events were

associated with future tectonic activ-

ity. Areas of high tectonic activity

may not be readily amenable to analy-

sis because the forces involved are

potentially large, they may not be

well known, and they are particularly

difficult to auantify. However,

areas of high tectonic stability are

available, and disposal in these loca-

tions should be amenable to fault

tree analysis.

Section 3 of this report shows an

approach to evaluating each of the 77

basic failure elements identified by

the generic fault tree for this

example.

1.5.1.1 Sample Waste Release 

Probability Estimate 

The next

follow each

its pathway

step of analysis is to

release sequence through

to man's environment and

ultimately to man. One release se-

quence, obtained from the geologic

fault tree developed in the above-

referenced study, is followed here.

The numbers presented in this analy-

sis are based on very limited data.

Thus they serve primarily to demon-

strate the safety evaluation method.

The example waste release sequence

considers the release of waste to

man's environment by water. This is

considered to be one of the more

likely release sequences.

The release sequence starts with

the premise of "An Aquifer in the

Waste Disposal Region" and requires

the following three conditions:

"Water Finds Path into Disposal Site,"

"Water Is Flowing" and "Water Flow

Cannot be Controlled by Man." A11

three conditions must occur together

before a release of waste constitu-

ents can take place. Based cn pres-

ent tunneling experience, the proba-

bility that an undetected flaw in a

barrier exists which will allow water



entry in a region where there is no

detectable aquifer

occur at a rate of

lometers of tunnel
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is estimated to

once in 100,000 ki-

length. Thus the

failure element "Water Finds Path

into Disposal Site" is estimated to

occur at a rate of 10-5/km of tunnel

constructed for geologic disposal.

This and the following numbers are

order of magnitude estimates. Based

on the description for the mined cav-

ity concept, 90 kilometers of tunnels

will be in existence in the year 2000;

thus the probability of a defect al-

lowing water entry is expected to be

once in every one thousand mines (or

10
-3
) with 90 kilometers of tunnel.

Conditions which could cause an aq-

uifer in the region in the next year

were estimated to be once in one bil-

lion (10
-9

). After one million years,

the probability of an active aquifer

in the region is taken to be much

greater, 10
-1
. At the 1000-year pe-

riod, an intermediate number was used.

It was assumed that man would not be

able to control the aquifer and the

aquifer would be flowing; thus the

failure elements "Water Is Flowing"

and "Water Flow Cannot be Controlled

by Man" have probabilities of one.

Table 1.5 summarizes the sample

failure event probabilities and the

resultant cumulative probabilities

obtained by multiplying the indi-

vidual probabilities in each vertical

column. The ranges of probabilities

given reflect uncertainty in the

above data.

The table summarizes a release

probability estimate from one sample

failure sequence. To estimate the

overall safety, all significant paths

must be analyzed and the probabili-

ties times the respective conse-

quences must be summed.

TABLE 1.5. Sample Components of Release Sequence Prob-
abilities for Geologic Disposal

Failure Event

Aquifer Develops in the Region Where
One Did Not Exist Previously

Water Finds Path into Disposal Site

Water Flow Cannot Be Controlled
by Man 1

Water Is Flowinq  1

Probability of Waste Release
During During

Operational During 1000 1,000,000
Period Years Years

Cumulative Release Probability in
the Time Given

10
-10 

to 10
-8

10
-4 

to 10
-2

10
-14 

to 10
-10

10-6 to 10
-4

10
-4 

to 10
-2

10
-10 

to 10
-6

10
-2 

to 10
-1

10
-4 

to 10
-2

10
-6 

to 10
-3
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1.5.1.2 Application of Fault Trees 

to Other Disposal Concepts 

Preliminary failure modes were

identified for seabed, ice sheet and

extraterrestrial disposal concepts in

the first reference. Fault tree

analysis can be applied to these dis-

posal concepts in the same manner as

to the geologic concepts.

The preliminary analysis pointed

out how relatively little data are

available to assess the seabed and

ice sheet environments. For example,

in the seabed environment, very lit-

tle information is known about the

long-term behavior of ocean sediments.

In like manner, there is little expe-

rience with drilling, placement and

sealing of waste canisters in the

seabed. Thus its apparent safety is

uncertain, chiefly because of lack

of detailed knowledge abcut it. The

same is true of the ice sneet environ-

ment except that more known mecha-

nisms for release of waste can be

identified.

For the extraterrestrial disposal

concepts, NASA has accumulated experi-

ence with manned space flights as a

basis for estimating the safety which

can be achieved. Failures on the

launch pad, by burnup in the atmo-

sphere, or meltdown after loss on the

earth's surface are the failure ele-

ments of greatest concern and can be

estimated with improved confidence as

the number of launches accumulates.

1.5.2 Transport Mechanisms 

All disposal concepts under study

provide substantial containment or

isolation barriers to initially sepa-

rate the constituents of nuclear

waste from man's environment. A fail-

ure or degeneration of these barriers

is required before transport to man's

environment can be initiated. How-

ever, a barrier failure does not nec-

essarily result in release of waste 

materials into man's immediate envi-

ronment where exposure takes place;

transport mechanisms are required.

The primary transport mechanisms 

are naturally occurring water and air.

In most cases, transport by water

will be through soils and/or rock

with extensive chemical interaction

(ion exchange) taking place. The

quantities, rate, and timing of radio-

isotopes entering man's environment

will depend on a host of parameters

such as the rate of reiease of radio-

isotopes at the source (i.e., solu-

bility of waste in groundwater), the

flow rate of the water, the distance

travelled to reach man's environment,

the efficiency of ion exchange, chemi-

cal species, etc.

Transport by air could be achieved

as a result of either a single or a

two-step process. In the first, an

accident could both directly expose

the waste to air and fracture it to

such an extent that air currents

would resuspend and transport mate-

rial. In the two-stage process, it

is postulated that naturally occur-

ring water would transport the radio-

isotopes to a water (or earth)-air
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interface. Resuspension and trans-

port could then occur from the

residues of evaporation.

Quantification of the decontamina-

tion factors (i.e., radioisotope ad-

sorption and holdup time) in the

transport process requires an accu-

rate model of the geologic system.

Sample transport decontamination

factors were calculated for an aqui-

fer 16 kilometers in length flowing

at 30 cm/day in typical western soil.

This calculation assumed that an aqui-

fer penetrated a failed barrier in a

geologic disposal site. Dose reduc-

tion factors were in the range of 105

to 106; that is, the calculated doses

to man with soil retention were 5 to

6 orders of magnitude lower than

those without soil retention. The

significance of this calculation is

that for properly sited disposal con-

cepts, the earth itself can provide 

major safety factors.

1.5.3 Dose to Man 

A comprehensive dose computational 

model, developed and used for other

Atomic Energy Commission Studies, was

adapted to permit ready calculation

of radiation doses to individuals and

population groups for alternative

waste disposal concepts. Typical

inputs include source terms (radio-

nuclide release rates to man's im-

mediate environment), population

densities, dilution auantities, and

consumotion rates of food and water.

Outputs include individual pathway

doses, total doses to individuals and

to specified population groups, and

fractional dose contributions of

specific nucliaes.

To demonstrate the capability, cal-

culated doses are shown in Table 1.6.

for a hypothetical release of radio-

active waste from geologic disposal

(assuming sorption and retention on

soil). Also

the limiting

occupational

shown in the table is

individual dose from non-

and non-medical radia-

tion exposure according to the latest

recommendations of the National Coun-

cil on Radiation Protection and

Measurements. For comparison, the

average annual radiation dose in the

United States from natural sources is

on the order of 120 to 140 mrem. The

dose indicated in the table for the

Maximum Individual is less than that

received during a cross-country jet

airplane fiiqht.

The potential doses (following re-

leases from a geologic disposal site)

are highly dependent on the sorption

capacity of the soil or other receiv-

ing media, the characteristics (espe-

cially the leach rate) of the waste,

and the measures taken to prevent

release.

Calculations can be based on postu-

lated release of the waste materials

to man's immediate environment at any

period after disposal, but calculated

doses at periods of 1,000 years or

more would be much less due to decay

of shorter-lived nuclides. The most

significant nuclides in terms of dose

would generally be strontium-90 and

cesium-137 at 100 years, various radi-

onuclides of americium and plutonium

at 1,000 to 10,000 years, and uranium

daughter nuclides at longer periods.

Doses calculated with the model

for various generic cases are primar-

ily valuable for comparative purposes,
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TABLE 1.6. Calculated Whole Body Radiation Doses from
Hypothetic Release of Waste Inventory of
Year 2000 in Geologic Disposal

Maximum Individual

Population

Maximum Annual Dose (mrem) NCRP Non-Occupational
Guide

0.4 500

Annual Dose tc Population
(man-rem) 

30 (a)

Assumptions

• Total waste inventory exposed in the assumed releases is all of the waste resulting
from the projected cumulative 167,000 equivalent metric tons of fuel processed in the
U.S. through year 2000. (The latest projection is 185,000 equivalent metric tons.)

• Initial release to soil occurs 100 years after disposal.

• Geologic disposal is in arid western region, with release to aquifer.

• Source release rate (or the rate of dissolution of the waste material) is 0.3% per
year of total inventory.

• Aquifer is 16 kilometers long; average groundwater velocity is 30 cm/day.

• Soil is typical western desert soil, with.its normally good ion-exchange capacity.

• Population is 180,000 people within an 80-km radius of.the point of release to man's
immediate environment.

• Aquifer flows into a river which flows through the center cf the region and which
provides both drinking water and irrigation.

• Average river flow rate is 280 m
3
/sec.

a. Guides are not available, but dividing the indicated dose of 30 man-rem by
the assumed population size of 180,000 gives an average annual dose of 0.16 mrem
for comparison with the dose to the hypothetical Maximum Individual.

and such doses would be, at worst,

the result of a series of ulpredict-

able or low-probability events lead-

ing to the release of radioactivity

to man's immediate environment. De-

tailed analyses will be required to

assess the risks to man from specific

concepts, sites, and operations.

1.5.4 Risk to Man 

The sample calculations of proba-

bility given in Table 5 can be mul-

tiplied by doses such as those shown

in Table 6 to obtain a hypothetical

risk of radiation dose to man from

the disposal concept. The maximum

measure of risk to an individual from

the given failure mechanisms and path-

ways would then be in the range of

10-14 to 10-10 mrem/year to the whole

body during the operational period,

10
-10

to 10
-6 

mrem/year at 1,000

years after disposal, and 10
-6 

to

10-3 mrem/year at 1,000,000 years

after disposal. Similarly, the risk

to the affected large population



group would be less than 10
-8
, 10

-4
,

and 10
-1 

man-rem/year for the same

respective three time intervals.

These previous sections

strate the methodology for

ing the probabilistic risk

demon-

calculat-

to man

from radioactive waste disposal. For

actual application of risk calcula-

tions, analyses will be required for

specific concepts, sites, and opera-

tions. In addition, the risks from

all major mechanisms and pathways

must be summed to obtain the total

calculated risk.

An alternative measure of risk

would be derived from estimation of

harmful effects (deaths or illness)

on people from the calculated radia-

tion dose increments associated with

each disposal concept. Recent stud-

ies sponsored by the United Nations

Scientific Committee on the Effects

of Atomic Radiation and by the U.S.
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Environmental Protection Agency

address

assumed

cerning

effects

what is known and what is

for low-level radiation con-

the radiation dose/radiation

problem. Considering the

large uncertainties in the derived

conversions and the problem of

making equivalent conversions for

radiation doses to different organs

of the body, we have chosen not to

attempt estimates of harmful effects

for these concept comparison studies.

Attempts have been made by others

to place a dollar value on estimates

of increased harmful effects on peo-

ple to provide a more direct method

of comparisons than the above. Such

a procedure involves not only still

larger uncertainties, but the basic

philosophical question of equating

dollars to human lives, and is not

being considered for these studies.
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1.6 DISPOSAL CONCEPTS - DESCRIPTION AND SYSTEMS 

Listed in Table 1.7 are the vari-

ous waste management concepts. The

table highlights key differences of

the various alternative system charac-

teristics compared to a reference dis-

posal concept. The reference concept

was arbitrarily selected to be a con-

cept comparable to salt mine disposal:

total waste encapsulated as a solid

and emplaced in a mined cavity with

no auxiliary fluid

plified table does

variations studied

cooling.

not show

for each

The sim-

all the

of the

generic concepts listed. Brief con-

cept and systems descriptions are

presented in the followingsections.

1.6.1 Geologic Disposal Concepts 

The basic requirement for any geo-

logic environment to be suitable for

disposal of radioactive waste is the

capability to safely contain and iso-

late the emplaced radioactive mate-

rial until decay has reduced the

radioactivity to nonhazardous levels.

Geologic environments exist which

have been physically and cnemically

stable for millions of years, would

prcvide isolation from man's envi-

ronment, and have acted as effective

barriers for isolation of naturally

occurring radioactive uranium and

thorium deposits from man's

environment.

Relative to other terrestrial

locations, a large amount of informa-

tion is available on the geology of

the conterminous United States, the

primary area of interest for this

waste disposal study.

A geologic formation can be pene-

trated and altered in several ways

to provide a repository for waste

emplacement. This study considers 

the use of drilling, mining (mechani-

cal and dissolution), exploded cavity 

formation and hydraulic fracturing.

Many combinations of potential geo-

logic environments and methods of

their penetration, along with methods

for placement of waste within these

systems, were studied in an attempt

to cover the broad range of potential

possibilities.

Ten methods for disposing of waste

in geologic formations were consider-

ed in this study. Two primary dispos-

al geometries, i.e., cavities and a

drilled hole, several means for form-

ing cavities, and several operational

modes were examined, as shown in

Table 1.8.

In all concepts the final waste 

form is a solid. In some concepts,

waste is emplaced in the geologic

formation as a liquid and converted

in-place to a solid form for long-

term disposal. For concepts 5, 6,

ana 9, the self-generated heat within

the liquid waste is used to dry and

melt the waste and some of the sur-

rounding rock which, when cooled,

forms a solid waste-rock matrix. In

concept 10, the liquid waste is

incorporated within a self-curing

cement.

Because of the potential hazards

of shipping aqueous high-level waste,

the liquid ernplacement concepts re-

quire locating the fuel reprocessing
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TABLE 1.7. Summary of System Characteristics for
Alternative Waste Management Systems

Requirements for the System

Interim Disposal
Liquid Waste Partitioning Solldification Overland Involves Final of Total
Storage at of Waste into into Canned Interim Transportation Disposal High-Level
Reprocessing Two or More Silicate Glass Solid waste to Disposal or of Waste Waste

Concept  Plant? Fractions? or Special Forms? Storage? Recycle Facility? Constituents? Constituents,  Other

"Reference" Concept (solid waste Not needed NO Glass Cptional Yes Yes Yes None
emplaced in mined cavity, no
fluid cooling or melting).

Geologic Concepts 

1. Solid waste emplaced in
mined cavity; no fluid
cooling or melting

2. Solid waste emplaced in
mined cavity; initial
water cooling; melting

3. Solid waste emplaced in
manmade structure in mined
cavity; initial air cooling;
no melting

4. Solid waste emplaced in
manmade structure in mined
cavity; initial water cool-
ing; no melting

5. Liquid waste emplaced. in
mined cavity; initial re-
flux cooling; melting

6. Liquid waste emplaced in
exploded cavity; initial
reflux cooling; melting

7. Solid waste emplaced in
matrix af drill holes;
no fluid cooling or
melting

8. Solid waste emplaced in
deep holes; no fluid cool- .
ing; melting or nonmelting ka)

9. Liquid war.te emplaced in
deep holes; initial reflux
cooling; melting

Differences from Above Requirea.nts are Listed Below

Also in-place melt-
conversion to rock-
waste matrix.

Liquid; in-place melt-
conversion in rock-
waste matrix.

Liquid; in-place melt-
conversion to rock-
vaste matrix.

No Na

No No

Disposal/processing
operations are com-
bined; extra trans-
port of fuel to re-
processing plant.

Disposal/processing
operations are com-
bined; extra trans-
port of fuel to re-
processing plant.

a)

Disposal/processing
operations are com-
bined; extra trans-
port of fuel to re-
processing plant.

Disposal/processing

10. Liquid waste emplaced by Yes In-place uuring to . No operations are CORI-
hydrofracCure; '8-Plece waste-cement matrix Dined; extra trans-
Curing port of fuei to re-

processing plant.

ICE Sheet Concepts 

1. Self melt through Ice

2. Anchored storage/disposal

3. Ice surface storage/disPosal

Seabed Conceots 

1. Subduction zones and other
deep-sea trenches

2. Stable deep-sea floors

3. Rapid sedimentation

Extrateerestrial Concepts 

1. Solar and Earth Orbits

2. Solar impact

3. Solar escape

Transmutation Concepts 

l. Fission reactors

2. Fusion reactors

3. Accelerators

4. Nuclear explosives

Desired yes

Desired Yes

Liusid; in-place meit- No
conversion to rock-
waste matric.

Special
capsule forms

Special
capsule forms

a. For deep drill nole, both prior solidification and in-place solidification were stuoied.

No

No

Also over-sea,
uver-ice transport

Also over-sea
transOOrt

Recycle/
eliminati.

No, transuranics
only

No, actinides
only and
selected

fission products
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TABLE 1.8. Characteristics

Type of Cavity

of Geologic Disposal Concepts

Waste Form
at Time of Fluid Waste-Rock
Emplacement Cooling ReactionsConcept

1 Mined Solid No No

2 Mined Solid Wa te r Melt

3 Mined(a) Solid Air(c) No

4 Mined(a) Solid Water
(c)

No

5 Mined Liquid
(b)

No Melt

6 Exploded Liquid
(b)

No Melt

7 Matrix of Solid No No
Drilled Holes

Deep Hole Solid No No/Melt
(d)

9 Deep Hole Liquid
(b)

No Melt

10 Hydrofracture Liquid
(b)

No No

a. Includes underground manmade structures.
b. All liquid emplacement concepts involve in-place conversion

to a solid form.
C. Cooling is provided for an interim period of tens of years

until the heat generation rate has decreased to a point
that melting will not occur.

d. This deep hole concept is studied for both melting and
nonmelting cases.

plant at the disposal site.(a) The

solid emplacement concepts involve

transportation of the waste, already

converted to a solid at the fuel re-

processing plant, cross-country to a

central Federal disposal site, as-

sumed to be separate from the repro-

cessing plant.
(b)
 These basic sys-

tems requirements for high-level

waste management in terrestrial

tions (geologic formations, ice

and seabed) are shown in Figure

It was assumed in this study

geologic disposal options are aimed 

at managing the total high-level 

waste, including the long-lived radio-

nuclides, without preconditioning or 

partitioning of the aqueous waste.

The ten geologic disposal concepts

are shown schematically in Figures 1.5

through 1.14 and discussed below.

1.6.1.1 Solid Waste Emplaced in Mined 

loca- Cavity - No Fluid Cooling or 

sheet, Melting 

1.4. The concept depicted in Figure 1.5

that shows previously solidified waste

buried in the floor of rooms or tun-

nels that have been excavated in the

a. It may be possible to ship calcined waste to the repository and dispose of it
as an aqueous slurry by any of the liquid waste disposal concepts. This con-
cept may be looked 3t as a variation of the liquid waste disposal concept.

b. A Federal repository, the Retrievable Surface Storage Facility, is planned
for interim retrievable storage of solidified waste until a disposal concept
is ready for use.
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geologic formation. This generic con-

cept includes the bedded salt dis-

posal concept that h.as received empha-

sis in major Research and Development

studies sponsored by the Atomic

Energy Commission over the past

15 years. Studies on the bedded salt

concept were initiated based on recom-

mendations of the National Academy of

Sciences - National Research Council.

Upon arrival at the repository,

the shipping cask and transport vehi-

cle are moved into a cask unloading

area which is inside a building. The

cask is removed from its carrier and

lowered into a shielded handling cell.

Individual canisters are removed from

the cask and transported to a shaft

where they are lowered by cable into

the subsurface complex. The lower

end of the shaft terminates in a

transfer vault or shielded handling

cell located in the geologic forma-

tion at the mine level.

At the mine level, individual

waste canisters are moved from the

sub-surface shielded cell into a

shielded transfer vehicle. After

receiving the canister, the subsur-

face transfer vehicle transports the

waste package to a previously mined

and prepared burial tunnel or room

with predrilled holes in the floor.

The transfer vehicle is located over

a hole, and the waste package is low-

ered into the hole. The hole may be

backfilled with material to provide

some shielding to the tunnel area

and to act as a partial barrier

against escape of radionuclides into

the tunnel area in the event a can

fails. After the last can is lowered

into a hole, the top 1.8 to 2.4 me-

ters (6 to 8 feet) of the hole are

filled with a sealant to provide

isolation and shielding. The system

is designed so that the heat from the

waste will be conducted through the

geologic formations without causing

melting or deterioration of the geo-

logic media.

After all the holes have been

filled and sealed, individual burial

tunnels or rooms are sealed from the

rest of the repository by a bulkhead.

The tunnel or room will eventually be

backfilled.

It is estimated that about 90 kilo-

meters of burial tunnel, 4.6 meters

on a side, would be required to dis-

pose of the 14,700 canisters of high-

level waste produced by the refererce

reprocessing plant. In addition,

nearly 11 kilometers of access tunnel

will be required.

1.6.1.2 Solid Waste Emplaced in Mined 

Cavities - Interim Liquid 

Cooling and Conversion to 

Rock-Waste Matrix 

A pictorial description of this

concept is shown in Figure 1.6.

Waste canisters are removed from ship-

ping casks in a waste receiving facil-

ity, lowered through a drill hoie

into a lined cavity, and deposited

on the cavity floor in a random array.

Waste within the cavity is immersed

in a boiling water bath. Steam gen-

erated is condensed in a surface fa-

cility and returned to the hole for

cooling the waste. Operation of the

surface cooling system will be con-

tinued until the cavity contents are

permitted to melt by allowing the

cooling water to boil away.

The reference case for this con-

cept assumes eventual waste-rock melt-

ing after shutdown of the water
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FIGURE 1.6. Solid Waste Emplacement in a Mined Cavity -
Interim Liquid Cooling and Waste-Rock Melting

cooling phase of cavity operation.

Cavity shutdown is started by stop-

ping return of the condensed steam.

The cavity begins to dry and the

temperature of the contained mate-

rials starts to rise. The cased

hole is sealed by plugging at an

appropriate time, and the waste is

allowed to melt. The waste will

melt from its own heat within a

few days because it is concentrated

in a small volume with little cooling

by the surrounding rock. Over a few

tens to one hundred years the heat

from the waste will melt some of the

surrounding rock and form a larger

molten mass which dilutes the waste

concentration. After a few hundred

years, the molten rock-waste mixture

will cool and solidify into a rock-

waste matrix as the heat provided by

radioactivity diminishes.

A cavity volume of about 13,000

cubic meters would be required to

receive and serve as a repository

for the high-level waste generated

by the reference reprocessing plant.

1.6.1.3 Solid Waste Emplaced in Man-

made Structures in Geologic 

Formations - Interim Air 

Cooling 

Figure 1.7 is a graphic descrip-

tion of a concept using natural con-

vection air cooling of waste canis-

ters inside individual pods designed

to conduct the heat to the air cool-

ant. A canister of waste is sealed

inside the bottom of a thick-walled

metal pod buried in the floor of the

tunnel to shield operating personnel

from radiation. Radioactive dcay

heat is conducted through the metal

pod wall and is dissipated from the
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FIGURE 1.7. Solid Waste Emplacement in a Mined Tunnel - Interim
Natural Convection Air Coolina, No Melting

finned surface to the flowing cooling

air. The single pass cooling air

flows by natural convection once the

draft has been initiated. After a

predetermined time, the access areas

are sealed and the waste heat is

transferred to the surrounding ,-ock

as in concept 1.

Upon arrival at the repository. a

waste canister is unloaded inside

building and transferred to the below-

ground

cept 1

level,

in the

placed

facilities much as in con-

(see Figure 1.5). At the mine

the waste canister is placed

containment pod. The pod is

in a hole or trench within a

tunnel, the hole is backfilled with

crushed rock, and the top of the pod

is sealed. Other emplacement

operations ate similar to those for

concept 1.

About 5.5 kilometers of burial tun-

nel, 9 meters in diameter, would be

required to dispose of the high-level

waste produced by the reference repro-

cessing plant.

1.6.1.4 Solid Waste Emplaced in Man-

made Structures in Geologic 

Formations - Interim Water 

Cooling 

A schematic diagram of a water-

cooled system is shown in Figure 1.8.

This is a typical cross-sectional

view of a tunnel containing the under-

ground facility, a manmade structure

designed to withstand earthquakes and

shifting of the rock formation. Upon

arrival at the repository, the waste
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FIGURE 1.8. Solid Waste Emplacement in Manmade Structure
with Interim Boiling Water Cooling, No Melting

canister is unloaded inside a build-

ing, transferred to the below-ground

facilities, transported to the dis-

posal location through the waste can-

ister handling area of the tunnel and

lowered into the hole, similarly to

other concepts. The waste is placed

in the shielded lower part of a cylin-

drically-shaped water-filled storage

vessel in the mined cavity. Typi-

cally the concrete shell would be

30 feet in diameter and the tunnel

would be 50 feet in diameter. Steam

generated by the waste is piped to

a heat-exchange system at the earth's

surface where it is condensed and

returned to the waste storage area.

A side stream of the coolant is
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treated to remove radioactivity

which may be present from leaking or

externally contaminated canisters.

After a predetermined time the cool-

ing water is removed frcm the system.

The access areas are sealed, and the

waste heat is transferred to the sur-

rounding rock without melting as in

concept 1. Tunnel requirements would

be about the same as in the previous

concept. Auxiliary facilities such as

personnel access shafts, air locks

and waste transfer shafts are not

shown in Figure 1.8 but would be simi-

lar to those in concept 1.

1.6.1.5 Liquid Waste Emplaced in a 

Mined Cavity - In-Place Drying 

and Conversion to Rock-Waste 

Matrix 

Figure 1.9 shows this concept.

Liquid waste is stored in a mined

REPROCES S I NG PLANT

U P TO 3000 METERS

A!,

/ /

LI NED CAVI TY FOR
LI QU 1 D WASTE STORAGE

if

//

cavity below the fuel reprocessing

plant. The cavity contains a high-

integrity liner or tank connected

through high-integrity piping to a

specially designed condensing and

treatment facility for the radioactiv-

ity-containing vapor, located

cent to the fuel reprocessing

at the surface. Liquid waste

tinuously added to the cavity

cooled by recycling condensed

adja-

plant

is con-

and

vapors

from the surface facility. When the

reprocessing plant is to be shut down

or the cavity is to be converted to

its permanent disposal mode, recycle

of the condensed coolant is stopped

and the cavity contents are allowed

to boil to dryness and to melt. When

it is certain that no excessive pres-

sure will build up in the cavity, the

access shafts and piping are sealed.

During a few tens to one hundred

VAPOR CONDENSING AND

V TREATMENT FAC I LI TY

SEALED AND CASED HOLE
CONTA I NI NG MONITOR I NG
AND INSTRUMENT LINES

//,

LIMIT OF MELT AND
FINAL WASTE SOLI D

//

FIGURE 1.9. Liquid Waste Emplacemer.t in a Mined Cavity -
In-Place Drying and Conversion to Rock-Waste
Matrix



years the waste will melt the liner

and some of the surrounding rock.

After a few hundred years the molten

rock-waste mixture will cool and pro-

gressively solidify into a rock-waste

matrix.

About 4,000 cubic meters are re-

quired for the cavity volume to dis-

pose of the high-level liquid waste

gener.ated by the reference reprocess-

ing plant.

This concept has some similarities

to that studied at AEC's Savannah

River site for storage of aqueous al-

kaline waste in bedrock without in-

place solidification. The National

Academy of Sciences concluded that

such long-term storage disposal of

aqueous waste in bedrock would re

REPROCESSING PLANT

I

UP TO 6000 METERS

--_

///
* A

LIMIT OF NIELT AND
FINAL WASTE ST_ID

,71
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quire substantial research and devel-

opment before it could be implemented.

1.6.1.6 Liquid Waste Emplaced in Ex-

ploded Cavities - In-Place 

Drying and Conversion to 

Rock-Waste Matrix 

This concept, shown in Figure 1.10,

is similar to concept 5 (see Fig-

ure 1.9) except that an unlined, rub-

ble-filled cav.ity is formed by nu-

clear explosion (or possibly by con-

ventional explosive). The rock rub-

ble filling the cavity provides the

material for initial formation of

the rock-waste matrix. The rubble-

filled hole

4,000 cubic

contain the

must provide about

meters of free volume to

high-ievel liquid waste

discharged by the reference reprocess-

ing plant.

14"

VAPOR CONDENS ING AND
TREATMENT FACILITY

IWO SEALED AND
CASEDHOLESCONTAINING
WASTE,VAPOR,MONaORING

AND INSTRUMENT LINES --

EXPLODED CAVITY FOR
LI QU I ASTE STORAGE

FIGURE 1.10. Liquid Waste Emplacement in an Exploded
Cavity - In-Place Drying and Conversion
to Rock-Waste Matrix
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1.6.1.7 Solid Waste Emplaced in a 

Matrix of Drilled Holes -

No Melting 

In this concept all operations

are performed from the earth's sur-

face, as shown in Figure 1.11. Canis-

ters full of solidified high-level

waste are brouaht to the handling

facility where they are transferred

to a specially designed transfer and

emplacement (charging) vehicle. The

vehicle moves to a previously drilled

hole where each waste canister is

carefully lowered into the hole and

placed on the preceding canister.

When the hole is filled with waste

canisters to a predetermined level,

it is sealed, and waste is emplaced

in the next hole of the array. For

the reference case in this study,

300 canisters were assumed to be con-

tained in the lower portion of each

4500-meter-deep hole.

WASTE
HANDLING
FACILITY

• •

.4

UP TO -
6000 METERS A

,

1.6.1.8 Solid Waste Emplaced in a 

Deep Hole - In-Place Conver-

sion to a Rock-Waste Matrix 

This concept, shown in Figure 1.12,

is similar to the previous drilled

matrix hole concept except that each

drill hole penetrates to an extreme

depth, nominally 16 kilometers

(10 miles) deep. The concept can be

designed for a nonmelting or a melt-

ing case (the latter is shown in

Figure 1.12). For the melting case,

the capability for handling vapors

from volatilization of small amounts

of water in geologic formations

be necessary within the surface

cility. The waste in the lower

tion of the hole will be molten

may

fa-

por-

while

waste is added from above. After

each hole is filled to

mined level with waste

the hole is sealed. A

the predeter-

canisters,

few hundred

years after emplacement of the waste,

PORTABLE
CHARGING
VEHICLE

4

WASTE
CANISTERS

ar

SEALANT IN
COMPLETED HOLES

FIGURE 1.11. Solid Waste Emplacement in a Matrix
of Drilled Holes - No Melting
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FIGURE 1.12. Solid Waste Emplacement in a Deep Hole
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the molten waste-rock mixture will at the surface. Below the small pool

cool and solidify into a tall column of boiling aqueous waste is a layer

of rock-waste matrix. For the refer- of dried and calcined wgste. Below

ence case in this study, 2,500 can- this layer is one of molten waste and

isters were assumed to be in the melting rock. When the hole is

lower 7,500-meter portion of each filled to the predetermined level (as-

hole. sumed in this study to be the lower

7,500-meter portion of the hole), a

1.6.1.9 Liquid Waste Emplaced in a second hole is then used, the waste

Deep Hole - In-Place Drying in the first hole is allowed to dry

and Conversion to a Rock- and the hole is sealed. After a few

Waste Matrix hundred years the molten waste-rock

This concept, shown in Figure 1.13, mixture will cool and form a waste-

is somewhat similar to concept5, but rock matrix.

uses very deep (16-kilometer) holes. It is estimated that three deep

The deep hole is drilled at the repro- holes with high-level waste filling

cessing plant site. Liquid waste is the bottom 7,500 meters would be re-

continually added to the hole, and quired to contain the waste produced

the vapor from the hot waste is re- by the reference reprocessing plant.

moved in a vapor condensing facility
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1.6.1.10 Liquid Waste Emplaced by 

Hydraulic Fracturing - In-

Place Conversion to a Solid 

In this concept, shown in Fig-

ure 1.14, liquid waste is mixed with

cement grout to

is pumped under

The pressurized

form a slurry whicn

pressure into a well.

slurry spreads out to

form and fill thin horizontal frac-

tures in the geologic formation which

were initiated previously by forcing

water at high pressure to fracture

the rocks along the bedding planes.

The slurry cures in-place within a

few days to form a sheet of solid

waste-cement mixture typically 3 mil-

limeters in thickness and 350 meters

in diameter around the well. Several

layers of the sheets of waste-cement

can be emplaced one above the other,

before sealing the access hole and

\\N

moving to another well location. Op-

erations are all conducted at the sur-

face from a shielded cell facility.

The dilution and heat transfer condi-

tions are designed to keep the waste

and rock at low temperatures (100°C

or less).

About thirty disposal wells would

be required to accept the waste dis-

charged by the reference reprocessing

plant.

1.6.2 Ice Sheet Disposal Concepts 

Ice sheets are large permanent

masses of ice overlying continen-

tal land masses. They have several

potential advantages as a clisposal

medium. The Antarctic ice sheet,

which is international territory, has
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the potential to provide an inter-

national repository. Large quanti-

ties of ice with great thickness are

available at locations remote from

man's activities and with low likeli-

hood for future developments. Ice,

if its average temperature remains

well below the freezing point, self-

heals fractures. It has low perme-

ability to water and has a thermal

conductivity comparable to common

rock types. Biological activity is

low. The natural capability of the

ice sheets to dissipate heat from

radioactive waste canisters at low

temperatures is conducive to maintain-

ing integrity of the waste materials.

Three potential disposal concepts

were developed for the ice sheet

areas

land.

aging

such as Antarctica or Green-

These concepts, aimed at man-

the solidified high-level waste

without partitioning, are:

1) Meitdown or free flow--the

waste canister is placed in an indi-

vidual shallow drilled hole in the

ice and ailowed to melt down through

the ice sheet to bedrock.

2) Anchored emplacement--the

waste canister is placed in an indi-

vidual shallow drilled hole in the

ice but connected to

by cables or chains,

descent and maintain

surface anchors

which stop its

its position for

some extended period, perhaps on the

order of 100 years.

3) Surface storage/disposal--the

waste canisters are placed in a

shielded cell storage facility with

jack-up piers on the ice sheet sur-

face to provide heat removal to the

ambient air and to prevent covering

over by further ice accumuiation.

After about 50 years, the facility

is allowed to become covered by ac-

cumulating snow and is eventually
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buried in the ice sheet for final

disposal.

The waste management system for

all ice sheet concepts (shown diagram-

matically in Figure 1.4 and pictori-

ally in Figure 1.15) consists of

transporting previously solidified

and canned bulk waste in protective

casks from the reprocessing plant to

special embarkation ports; transport-

ing the waste in protective casks by

ships (equipped to monitor and exam-

ine the waste canisters) to harbor fa-

cilities adjacent to the ice sheet;

offloading the waste canisters and

casks at a debarkation facility on

land in an ice-free area or near the

edge of the ice; over-ice transport-

ing by surface vehicles (envisioned

REPROCESSING
PLANT SHIELDED CELL

PORT FACILITY

440.

CANISTER IN
TRANSPORT

CASK

SHIPPING
CASK

as tractor-sled trains or surface-

effect vehicles); and emplacing at

the disposal site. The area around

the disposal site would be monitored

for a yet undetermined time.

The embarkation port would contain

a receiving facility for inspecting

the canisters and placing them indi-

vidually in special casks for loading

onto the transport ship.

Sea transport would be by special-

ly designed ship(s) with facilities

for cooling, inspecting, and handling

the waste canisters. The hull would

be designed for protection against

damage due to pack ice. Ice-breaker

escorts would be used for routine

operation. The transport ship would

operate ou.tside normal sea lanes to

TRANSPORT SHIP

/
TRANSPORT VEHICLE

ASK

HOLE
CANISTER

ICE SHEET

FIGLRE 1.15. Operations in Ice Sheet Disposal

DRILLING
RIG



reduce the risk of collision at sea

and would dock and unload the casks

onto the over-ice transport vehicles.

Crawler-type tractors pulling

sleds are at present probably the

most dependable means of over-ice

transport under the severe operating

conditions of the ice sheet areas.

However, other types of transporta-

tion may be used such as aircraft or

surface effect vehicles (hovercraft),

with fuel supplied by aircraft fuel

drops. Hovercraft would require

further development and testing to

prove their capability.for routine

operation.

For the meltdown and anchored em-

placement concepts, shown in Figure

1.16, the canister is placed in a

drilled hole 50 to 100 meters deep

and released to begin its descent by

'UP TO
4000 METERS

/A

DRILLING
RIG

ICE SURFACE
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self-melting. Cables or chains, 200

to 500 meters long and attached to

surface anchors, are fastened to the

canister for the anchored emplacement

concept. The canisters are emplaced

one per hole on 1-kilometer centers.

This spacing should maintain separa-

tion between canisters during descent.

Disposal would be accomplished by

self-melting and refreezing of the

ice above the canisters as they de-

scend. The waste canister must be

encapsulated to accomrnodate high pres-

sures and contain the waste.

In the surface storage facility 

disposal concept, storage would be

accomplished by placing the canisters

in a surface facility on the ice

sheet. Disposal would occur when the

facility is eventually covered by ac-

cumulating snow and ice.

HEAT

SURFACE ANCHORS
AND SITE MARKERS

ANCHORED
EMPLACEMENT

r EXTENDABLE LEGS

16:4"//// "ErLi iTa//"(A\W /': j̀ </A "" \<777

FIGURE 1.16. Ice Sheet Disposal Concepts
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1.6.3 Seabed Disposal Concepts 

Disposal of high-level waste

within the floor of the world's

oceans has a number of potentially

attractive features. Since disposal

of nuclear waste is a multinational

problem, consideration of a °common

territory" as an international solu-

tion appears to have merit. The

oceans comprise a large fraction of

the earth's surface. There are areas

of extreme remoteness that have not

been identified with resources of sig-

nificant use to man, that are biolog-

ically nonproliferating, and that are

geologically stable. Large areas are

available at depths that would pro-

vide isolation and safety from natu-

ral disasters such as storms, as well

as from sabotage or accidental dis-

turbance. The high ion-exchange ca-

pacity of sea floor sediments could

provide additional isolation barriers.

Large volumes of seawater may help

cool the waste and would provide very

high dilution of any material which

accidentaily escapes.

Geologic settings and certain

areas of the sea floor were studied,

i.e.:

1) Stable Deep Sea Floor--areas

such as deep ocean basins and abyssal

plains, which are considered geolog-

ically stable. The waste would be

placed in the bedrock below the uncon-

solidated sedimentary cover.

2) Subduction Zones/Deep Sea 

Trenches--areas where, according to

crustal plate tectonics theory, one

edge of certain crustal plates is

moving under the other crustal plates

and down into the earth's mantle.

The waste would be placed in these

trench areas to be carried down, cr

subducted, into the earth's mantle

with the crustal plate.(a)

3) High Sedimentation Rate Areas--

areas where major rivers are building

deltas into the ocean. The waste

would be placed in the bedrock below

the accumulating deltaic sediments.

It is assumed that the seabed dis-

posal concepts are aimed at disposal

of all solidified high-level waste

without partitioning. The waste must

be encapsulated to accommodate the

high pressures and potential corro-

sion during emplacement.

Waste management systems for all

seabed disposal concepts, identical

except for the site, are shown dia-

grammatically in Figure 1.4 and are

presented pictorially in Figure 1.17.

The concepts would consist of trans-

porting the previously solidified and

canned bulk waste from the reprocess-

ing plant in protective casks to spe-

cial ports of embarkation for short-

term storage of the waste and for

integrity of the waste canister to be

checked; transport in protective

casks by ship (equipped to monitor

and examine the waste canisters) to

the disposal site; disposal of a num-

ber of waste canisters into each pre-

drilled hole in the basement rock

from a special drilling platform; and

filling the upper part of each hole

a. It should be noted that the detailed mechanism for this geologic activity
is not well known. The descriptions in this report are based upon inferred
and generally acceptable hypotheses, but the actual circumstances of geo-
logic activity of this type have not been confirmed in any area.
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FIGURE 1.17. Operations in Seabed Disposal

with a sealant. The area around the

waste disposal holes would be moni-

tored for a yet undetermined time.

Emplacement in all cases is con-

sidered to be in the dense basement 

rock of the seabed, underlying the

unconsolidated softer sediments of

the sea floor, as shown in Fig-

ure 1.18. The waste is thus removed

from direct contact with the seawater,

is less likely to be exposed by sub-

marine geologic processes and may be

further isolated from seawater by the

high ion-exchange capacity of the

sediments.

BNWL-1900

The embarkation port would consist

of a receiving facility for handling

and final inspecting of the waste can-

isters before they are placed individu-

ally in special casks and loaded

aboard a transport ship.

Sea transport would be by conven-

tional surface ships equipped to pro-

vide cooling of the waste and facili-

ties for monitoring and inspection

during transport. The transport ship

would be docked within a chamber of

the emplacement platform, where the

waste canisters would be unloaded,

removed from the cask and emplaced
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FIGURE 1.18. Seabed Disposal Concepts

from a semi-submersible drilling-

emplacement platform. The waste can-

isters are assumed to be empiaced 100

per drilled hole. The holes would be

about 800 meters in depth and drilled

on about 1.6-kilometer centers to com-

pensate for limitations on hole locat-

ing accuracy and for heat dissipation.

Disposal is completed by filling and

sealing the top 200 meters of the

holes with cement or grout and by re-

placement of the sediment.

1.6.4 Extraterrestrial Disposal 

Concepts 

If a stable non-earth intercept

trajectory or orbit can be assured,

extraterrestrial disposal offers the

TYPICAL
SEAL
ABOVE
WASTE

TYPICAL
WASTE

PLACEMENT

complete removal of long-lived nu-

clear waste constituents from the

earth and the potential for an inter-

national solution to waste management.

The primary unfavorable features are

that the concept deals with only part

of the waste, there are possible

launch safety problems, retrievabil-

ity and monitoring, if necessary, are

difficult and the concept will re-

quire international agreements.

Extraterrestrial disposal of the

total waste constituents and of only

the transuranic elements were both

considered. However, space disposal

of the transuranics only is believed

to be the most practical scheme, pri-

marily because of the very high space

transport cost per unit of weight (at
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least $2000/kg of waste material).

Because of the high shielding weight

and cooling systems required for

space disposal of the total high-

level waste, disposal of transuranic

element waste separated from the

other waste constituents received

primary emphasis and is used as the

base case in this study. The remain-

ing waste must be disposed of by some

other means.

The overall waste management sys-

tem, shown in Figure 1.19, consists

of likely interim aqueous waste stor-

age to allow for decay and simplifica-

tion of partitioning; partitioning of

the aqueous waste into a transuranic

element fraction contaminated by no

rnore than 1% of the fission products

FUEL
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MIXED
UMM
WASTE
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MIXED
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WASTE

CONDITION
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WASTE

COND MON
WASTE

MMS
URAMCS

FISSION
PRODUCTS

EPARATE
CURIUM

SEPARAT
LONG-LIVED
FISSION
PRODUCTS

and the remaining waste which must be

disposed of by an alternative method;

converting the actinide waste at the

reprocessing plant to a refractory

oxide and encapsulating this into

high-integrity, multiple-barrier

capsules; transporting the capsules

overland to a space launch site;

launching the waste into space to an

initial low-earth orbit with a reus-

able space shuttle, followed by space

tug transport to the final destina-

tion; and monitoring for control to

destinations and for off-standard

events and radioactivity in the upper

atmosphere.

The launch deployment sequence

using a shuttle and a tug is shown in

NOTE "C DESIGNATES MOST LIKELY PATH

CURIUM
SEPARATION

FISSION
PRODUCTS
SEPARATION

SHORT
UM

FISSION
PRODUCTS

TEMPORARY
STORAGE

TRANS-
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LESS
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ENCAPSULATION —4,
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nmus

y

 , OPTION FOR
MANAGEMENT
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iJ LAUNCH SITE

EMPLACEMENT
INTO SPACE

FIGURE 1.19. System Requirements for Managing High-
Level Radioactive Waste by Extrater-
restrial Disposal

FINAL
MONITORING



Figure 1.20. Typically, the shuttle

is first launched into a low circular

earth orbit (150 to 500 kilometers

above the earth). From this orbit,

the tugs or upper stage(s) are

launched to carry the waste package

to its final destination. In some

cases, the launch system can inject

the waste to its final destination

without subsequent course correction.

In other cases, the waste tug will

require subsequent mid-course correc-

tions or propulsion.

1.6.5 Transmutation Elimination 

Transmutation 

one isotope into

whatsoever. For

is the changing of 

another by any means

waste management,

WASTE CONTAINERS

LAUNCH
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transmutation results in a product

isotope having a lower toxicity

or a shorter half-life than its

decessor. Ideally, radioactive

and/

pre-

con-

stituents in high-level waste could

be eliminated by using nuclear pro-

cesses themselves to achieve the

transmutation. More practically,

the transmutation process can ac-

celerate the decay rate of 1.-adioac-

tive waste by converting long-lived

radioisotopes to other isotopes which

have shorter decay times. If this

can be achieved, the quantity of

waste containing long-lived radio-

nuclides could be reduced signifi-

cantly and the time required for

safely storing treated radioactive

waste may be significantly shortened.

SHUTTLE IN LOW EARTH ORBIT

EXPENDABLE EXTERNAL PROPELLENT TANK

SOLID FUEL ROCKET MOTORS

HOME W ITH TUG AND PAYLOAD

TO FINAL SPACE
DESTINATION

ov"
TUG WITH WASTE

SEPARATION 
N SHUTTLE

TO EARTH

FIGURE 1.20. Shuttle Launch Deployment Sequence for
Extraterrestrial Disposal
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System requirements for managing

high-level radioactive waste by trans-

mutation are shown in Figure 1.21.

The overall waste management system

using fission reactors for waste acti-

nides includes a period of interim

aqueous waste storage to allow for

decay and to permit improved parti-

tioning; partitioning of the aqueous

waste into an a-ctinide waste stream

and a short-lived residue; converting

the actinides at the reprocessing

plant to oxides; transporting the

oxide to a facility for fabricating

it into special recycle fuel forms;

and transporting the actinide fuel

form to a fission reactor for irradi-

ation. The short-lived fraction must

be disposed of by other means.

For the transmutation strategy

using fusion reactors, the concept

would be similar except that the aqpe-

ous waste stream would be partitioned

into two or more streams containing

waste actinides, possibly selected

fission products, and a residual

waste stream to be disposed of by

other methods. The two waste streams

for transmutation would be converted

into solid fuel materials (probably

oxide) at the reprocessing plant; the

fuel materials would be transported

to a facility for fabrication into

special target elements; and the spe-

cial targets would be transported to

and inserted into the blanket of a

fusion reactor for irradiation as
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part of the reactor fuel cycle. Con-

tinued recycle of material which

undergoes transmutation would also be

a part of this section.

The waste streams not sent to

transmutation must be disposed of by

other means. In addition, the "heel"

of untransmuted actinide waste at the

termination of a nuclear plant era

must be disposed of by other means.

The strategy envisioned for using

transmutation in the management of

high-level waste is shown in Fig-

ure 1.22, assuming a three-phase de-

velopment scheme:

• Phase 1 converts long-lived acti-

nides to short-lived fission products.

This phase uses the normal nuclear

TO
STORAGE

URANIUM FUEL
FABRICATION
A

PLUTONIUM

DEPLETED
URANIUM

A

fuel cycle of the fission reactor in-

dustry to retain all actinides in

this fuel cycle and thereby convert

a significant part of them into fis-

sion

most

fuel

products by transmutation. The

significant modification to the

cycle is to partition the waste.

• Phase 2 involves temporary retriev-

able storage of fission products for

ultimate use in Phase 3.

• Phase 3 transmutes in a fusion re-

actor the equilibrium inventory of

long-lived fission products and acti-

nides accumulated from the fission

reactor cycle. This final phase re-

sults in the ultimate elimination of

nearly all long-lived radioactive

waste constituents.

FRESH
FUEL
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FIGURE 1.22. Transmutation Waste Management Strategy



The transmutation of certain fis-

sion products as well as actinides

would require further separation of

the waste to obtain additional trans-

mutation process feed streams. In

addition, fabrication of the target

1.45 BNWL-1900

elements for transmutation in fusion

reactors and the special fuel ele-

ments for transmutation in fission

reactors will require special remote

facilities because of the high dose

rate of the materials handled.
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1.7 TECHNICAL FEASIBILITY 

The technical feasibility of the

potential disposal concepts was deter-

mined in this study by responding to

the following primary questions:

1) Can the disposal concept be im-

plemented using today's technology?

(This does not imply that additional

development is unnecessary to adapt

existing scientific and engineering

technology to the implementation of

these disposal concepts. It assumes

that we have enough information to

assess the overall development

requirements.)

2) Can the disposal concept be im-

plemented with future technology 

based upon current theory? (Is it

theoretically possible?)

3) Can the disposal concept pro-

vide the potential for confining or

eliminating the waste over the time

period of concern? (Truly quantified

answers to this point require very ex-

tensive study, and only qualitative

indications were developed for this

study.)

4) Does the concept have a favor-

able energy balance? (Is the energy

consumed in the implementation of the

disposal concept less than the elec-

trical energy obtained from the nu-

clear fuel represented by the waste?)

The responses to these questions

from this study are summarized in

Table 1.9. To highlight the differ-

ences among the concepts, only the

variations from the same previously

described "reference" concept (geo-

logic mined cavity) are shown. Also

summarized in Table 1.9 are the inher-

ent favorable and unfavorable charac-

teristics of the concepts. In gen-

eral, it can be seen that all

concepts studied appear technically

feasible (with some limitations) with-

in the extent of this study, with the

probable exception of transmutation

using accelerators.

The information in Table 1.9 is

discussed in the subsections which

follow.

1.7.1 Geoloqic Disposal Concepts 

All geologic concepts appear to be 

technically feasible. Cavities and

holes could be made today with the

possible exception of the very deep

hole. A deep hole could probably be

drilled today in areas with very low

geothermal gradients, but a question

remains as to whether the lower por-

tion of the hole can be kept open at

these depths during the time period

required for emplacement of the waste.

New technology is required for the

moderately large holes needed at the

great depth (16 kilometers or 10

miles) and for the high down-hole tem-

peratures encountered at great depth.

Nuclear explosive technology is

available, whereas chemical explo-

sives appear impractical for exploded

cavities. In either case, evaluation

of the significance of fractures that

will be produced by the detonation

would be most difficult. It is not

certain whether sufficient technology

exists today for implementing the

waste-rock melting concepts. Melting

can

the

its

are

certainly be accomplished, but

conduct of the molten mass and

effect on the surrounding media

not yet certain.
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TABLE 1.9. Summary of Technical Feasibility for
Alternative Waste Management Systems

Concept 

"Reference" Concept (solid waste
emplaced In mined cavity, no fluid
cooling or melting.)

Can It Be
Implemented?

With
Today's
Tech-
nology

Yes

nieored-
cally in
Future

Yes

Does it Have
Potential for
Providing Ade-
quate Safety?

Yes

Disposal
Energy
Consumed/
Electrical
Energy in
Original
Fuel 

10-5

General Characteristics Relative to Feasibility 

Favorable

Fair distance Iran man's
environment

Safety :7tIri7L mostof 

Differences fran Above Information are Listed Below

Unfavorable 

Sam potential for pene-
tration by man in future

Poor retrievability and
monitoring

Possible groundwater
transport

Geologic Concepts 

1. Solid waste emplaced in mined
cavity; no fluid cooling or
melting

2. Solid waste emplaced in mined
cavity; initial water cooling;
melting

3. Solid waste emplaced in manmade
structure in mined cavity; ini-
tial air cooling; no melting

4. Solid waste emplaced in man-
made structure in mined cavity;
initial water cooling; no melting

5. Liquid waste emplaced in mined
cavity; initial reflux cooling;
melting

6. Liquid waste emplaced in exploded --
cavity; initial reflux cooling;
melting

7. Solid waste emplaced in matrix
of drill holes; no fluid cooling
or melting

8. Solid waste emplaced in deep
holes; no fluid cooling; melting
or nonmelting

9. Liquid waste emplaced in deep
holes; initial reflux cooling,
melting

10. Liquid waste emplaced by hydro-
fracture; in-place curing

Ice Sheet Concepts 

1. Self melt through ice
Z. Anchored storage/disposal
3. Ice surface storage/disposal

Seabed Concepts 

1. Subduction zones and other
deep sea trenches

2. Stable deep sea areas
3. Rapid sedimentation

Extraterrestrial Concepts 

1. Solar and earth orbits
2. Solar impact
3. Solar escape

Tranmnutation Concepts 

1. Fission reactors

2. Fusion reactors

No

Ru

Ya

;;fficult

No

3. Acceleratom No No
4. Nuclear eaplosives Probably --

Uncertain
Uncertain
Uncertain

Uncertain

11ncertain

Uncertain

a. Ion exchange of soil-rocks as back-up applies to all the geologic concepts.

10-6

10-6

10-6

10-6

,0-6

onc=rige of rocks as --ba

a )

(a)
Provides ready
Interim retrievability

(a)
Provides ready
interim retrievability

(a)
No waste
transportation

(a)
No waste
transportation

(a)
Large distance fran
man's environment

(a)
Large distance from
man's environment
No waste transportation

10-8 (a)
No waste transportation

10:1
Ig_4

1°0-4

Great distance fran man
Low temperature for
cooling
Possible international
solution

Great distance frail man
Water for dilution
Ion exchange of sediments
as back-up
Possiole international
solution

Removal from earth
Possible international
solution
mo continuous potential
for groundwater transport

Elimination
Improved resource use
Monitorable, retrievable
Possible international
solution
No continuous potential
for groundwater transport

Irreversible high tempera-
ture in rock

Requires interim operation
by man

Requires interim operation
by man

Irreversible high tempera-
ture in rock
Liquid waste temporarily
in repository

Very poor retrievability
and monitorabflitY
Irreversible high
temperatures in rock
Cracks in surrounding
geology for waste
transport
Liquid waste temporarily
in repository
EAplosive effects on
surface activities

Very poor retrievability
and monitorability
Many penetrations to
surface

Very poor retrievability
and monitorability
Deep geology unknowns

Iery poor retrievability
and monitorability
Deep geology unknowns

Limited favorable
geology
Significant heat transfer
limits

Extended transport
Severe operating
conditions
',err poor retrievability and
monitoraoility
many technical unknowns

Extended sea transport
Mobility of seawater
Concentration by ecology
Very poor retrievability and
monitoraoility
Many technical unknowns
International
constderations

Only partial waste removal
Launch safety problems
Very poor retrievability and
monitorability
International considerations

Only partial waste
elimination
Increased handling
problems
Subject to stores,
man's activities
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The technology for other related

needs in geologic disposal systems is

generally in-hand. These technol-

ogies include interim aqueous waste

storage if desired, conversion to sta-

ble solid waste forms, interim soiid

waste storage if desired, transporta-

tion to the disposal site if needed,

emplacement of the waste, and interim

operation of the disposal facility as

needed. Successful emplacement of

an intermediate-level liquid waste-

cement mixture using hydraulic frac-

turing techniques has been practiced

by Oak Ridge National Laboratory

since 1965.

Final sealing of the access holes

is required for geologic concepts for

the long time period of concern.

SHrh high-integrity sealing, neces-

sary to maintain long-term isolation

of the waste from man's environment,

has not been considered heretofore by

industry. Existing sealing tech-

niques must be tested (and improved

if necessary) for radioactive waste

disposal.

General heat transfer alodeling

technology is available for use in

geologic systems, but the methodology

must be modified for application to

geologic waste disposal concepts.

The various geologic disposal

schemes involve short-term opera-

tional, safety and retrievability dif

ferences.

providing

tion, the

However, in the context of

adequate long-term isola-

major factors are in differ 

ences in the geologic settings rela-

tive to the different emplacement

modes.

Key factors to avoid in siting are

areas with: 1) potential for hydro-

logic transport; 2) usable ground-

water; 3) seismic potential, includ-

ing fault densities; 4) resource

potential; and 5) significant popula-

tion density.

Of the various geohydrologic fac-

tors considered in evaluating poten-

tial sites for disposal the most im-

portant is hydrologic isolation; this

is to assure that the waste will be

effectively contained within an ac-

ceptable radius of the emplacement

zone. To achieve this degree of hy-

drologic isolation, the host rock for 

the waste should exhibit a very low 

permeability and the site should be 

virtually free of geologic faults.

A potential disposal site should

be in an area of gentle relief to

minimize any accelerated erosion or

denudation that might occur because

of natural climatic changes or

changes brought about by the prepara-

tion for disposal operations. The

most suitable geographic location for

a disposal site is also one that is

as far removed from major drainages,

lakes, and oceans as possible and 

where the intrusion of man in a man-

ner that will change the condition is 

minimal.

Areas considered generally unsuit-

able for waste disposal are those

where seismic risk is hiqh,(a) where

possible sea-level rise or changes in 

drainage patterns(a) could inundate

potential sites, where high topo-

graphic relief coincides with high

fault densities(a) and/or unfavorabie

a. Generalized maps of the conterminous United States showing these areas are
included in Appendix B.



1.49 BNWL-1900

hydrologic conditions, where no suit-

able rock media are known to be pres-

ent to reasonable depths, where a pos-

sible return of glacial or high

rainfall climate will cause undesir-

able changes in

there is danger

sion, and where

able volumes of

the geology, where

of exhumation by ero:

the area contains us-

groundwater(a) or has

high oil, gas, or other mineral

potential.

In lieu of more comprehensive seis-

mic risk studies and criteria for ac-

ceptable ground motions, this investi-

gation considered that areas of

seismic risk zone 3 are unsuitable

for underground as well as surface

facilities. Areas in seismic risk

zone 2 and less are considered poten-

tially suitable if zones of active

faulting are avoided.

Sea-level rise as a result of fu-

ture climatic changes could drasti-

cally alter the present-day hydro-

logic regime. A lack of firm factual

data for

makes it

consider

parts of

predicting climatic change

necessary at this time to

the possibility that large

the coastal areas and some

inland areas of the United States

could be inundated during the next

million years. This consideration

waste contents. With this in mind,

all potential sites for waste dis-

posal that could be inundated by 60-

to 150-meter sea level rises, espe-

cially those below the 60-meter level,

should be reviewed critically.

Faults and fractures, along which

there has been a relative displace-

ment of the rocks, can either be con-

duits for flow of water between imper-

meable zones or be obstructions to

flow of water in an aquifer. These

faults are undesirable because they

could serve as connections between

burial sites and man's environment.

Therefore, any site selected for dis-

posal of waste should be virtually

free of faults, especially in the dis-

posal zone.

In any terrestrial concept for dis-

posal of high-level waste, a conflict

will arise between the use of the

earth for disposal and for develop-

ment of the resource potential that

could be available in other forms

such as geothermal energy, minerals,

surface space and subsurface space.

The most suitable rock media for

the various concepts considered ap-

pear to be(b) 1) intrusive igneous 

rocks(c) (e.g., granite) or crystal-

is line metamorphic rocks
(d) (e.g.,

a very conservative one, because fu-

ture inundation of a disposal site by

seawater may well have no effect on

the integrity of the site and its

quartzite) because of their low per-

meabilities and high mechanical

strengths, 2) salt, either in stable

domes or thick beds because of its

a. Generalized maps of the conterminous United States showing these areas are included in
Appendix B.

b. No order of preference was established in this study nor is it implied here. Much more
information is available regardina disposal in salt than in these other rock media.

c. Intrusive iqneous rocks are those formed by cooling and solidification of a molten rock
mass that invaded the earth's crust but did not reach the surface.

d. Crystalline metamorphic is a general term used here for the more granular, coarse-
grained rocks that have been changed in texture or composition by heat, pressure, or
chemically active fluids after their formation.
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low permeability and self-sealing

property, and 3) tuff (welded volcanic

ash) and shale(a) because of their

very low permeabilities and high ion-

exchange capacities. Sedimentary

rocks other than shale and salt, and

volcanic rocks, exclusive of tuff,

are considered generally unsuitable

for waste emplacement because of

their potential for high

oermeabilities.

Areas appearing potentially suit-

able as waste repositories based on

this study have not been defined.

However, simple overlaying has been

done of maps showing some geologic

characteristics pertinent to waste

disposal. These maps, shown as Fig-

ures 1.23 and 1.24, can be used as

gross indicators of where to start

looking for possible disposal sites.

Excluded from the figures are areas

of seismic risk zone 3 and areas

which would be inundated by a rise in

sea level of about 150 meters. Yet

to be removed from consideration are

areas such as those with high re-

source potential (including produc-

tive aquifers and areas of possible

geothermal development), high popula-

tion density, high fault density, and

high topographic relief.

Potentially suitable media for the

deep drill-hole method appear to be

crystalline rocks, either intrusive

igneous (e.g., granite) or metamor-

phic (e.g., quartzite). Possible

areas, shown in Figure 1.23, include

areas in the continental interior

where the sedimentary cover over the

crystalline rocks is generally thin.

Areas potentially suitable for con-

sideration as cavity and matrix

disposal sites are presented in

ure 1.24. The designated areas

hole

Fig-

in-

clude essentially the same igneous

and metamorphic rocks considered for

the deep drill-hole, salt beds and

stable salt domes, and granitic

stocks in the Basin and Range area.

Additionally, in the case cf the

mined cavity concepts, tuff and shale

are potentially suitable formations

for above-the-water-table emplacement

in arid and semi-arid climates; and

for the exploded cavity and matrix

hole concepts, pending proof of nydro-

logic isolation, shale in some sedi-

mentary basins below 2000 meters is a

possibly suitable formation.

The sampie risk evaluation in Sec-

tion 1.5 indicated the high potential

for geologic disposal to provide

safety and isolation of waste from

man. With proper site selection for

geologic disposal in general, even in

the event of a release, the surround-

ing rocks will still permit a high de-

gree of protection to man's environ-

ment by sorption of radionuclides.

The major energy consumption in 

geologic disposal is in mining and 

drilling. This energy consumption is

about 5 to 6 orders of magnitude

lower than the electrical energy from

the original nuclear fuel from which

the waste was derived.

a. Shale is rock composed of laminated layers of clay-like, fine-grained
sediments.
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FIGURE 1.23. Potentially Suitable Areas for Geologic Disposal
Sites Using the Deep Hoie Concept
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Overall, disposal of radioactive

waste in geologic formations has the

potential of isolating the waste from

man's environment for extended time

periods (millions of years). Geo-

logic environments exist which have

been physically and chemically stable

for such periods, are isolated from

man's immediate environment, and can

potentially provide effective barri-

ers between waste and man's environ-

ment for the time periods required.

Generally favorable characteris-

tics of qeologic waste disposal are:

1) waste is reasonably distant

from man's environment;

2) safety is provided from cli-

matic phenomena such as surface

storms and from man's destructive ac-

tivities; and

3) significant backup isolation

can be provided by favorable ion-

exchange characteristics of many

rocks and soils.

The primary unfavorable character-

istics of geologic waste disposal are:

1) there is always some finite po-

tential for man to inadvertently pene-

trate the disposal area at some time

in the distant future;

2) groundwater is an ever present

means for transporting waste constitu-

ents to man's environment;

3) for in-place melting concepts,

localized melting and high rock tem-

peratures cannot be reversed by man;

and

4) retrievability and monitoring

over long time periods is difficult.

1.7.2 Ice Sheet Concepts 

The implementation of all ice 

sheet disposal concepts could be done 

with today's technology. The dis-

posal system aspects of containeriza-

tion, transportation, and emplacement

can all be accomplished by modifica-

tion of current technology. Final

sealing of the waste would be per-

formed by natural refreezing of the

water around the waste in all

concepts.

Major technical uncertainties 

exist as to the potential for ice 

sheets to provide long-term isolation.

Relatively little is known about ice

sheets with respect to history, move-

ment, and conditions at depth. Sub-

glacial lakes are known to exist but

their number and extent are not well

known. Projections regarding future

conditions and even the continued ex-

istence of the ice sheet can be in-

ferred only from highly speculative,

theoretical, or limited knowledge.

A most important question is the 

prediction of the future existence of 

the ice sheets. Present knowledge of

climatology is not sufficient to as-

sure that an ice sheet will be pre-

sent more than a thousand years or so

in the future.

Another key question is the ice 

flow rate. If the ice flow

depth is 0.1 centimeter per

value hypothesized as being

rate at

day (a

a minimum

for a few select locations), it would

take about 2,000,000 years for the

ice in the center of a large ice
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sheet (and an entrapped waste canis-

ter) to reach the edge of the ice

sheet. If the ice flow rate is simi-

lar to measured values of surface

flow rates toward the ocean (5 to 15

centimeters per day in Antarctica), a

waste canister emplaced 1000 kilome-

ters inland could reach the edge of

the ice sheet in 20,000 years or less.

Other questions are unanswered

such as whether the melt water sur-

rounding the waste will travel quick-

ly down through the ice to form a

"pipe" for rapid communication of the

waste to potential flowing water at

the base of the ice sheet. In addi-

tion, the effects of the heat from

the waste on the stability of the ice

sheet is unknown.

Disposal sites Would be selected

with maximum travel distance to the

ocean and minimum ice flow rates.

These sites would be in the interior

of the continent over ice-basin areas

or possibly over "ice divides," where

the underlying topography divides the

ice flow into different directions

and the time for ice (and waste) to

flow to the ocean is maximized.

For emplacement of waste canisters

within the ice, the hole depth for

initial emplacement must be suffi-

ciently great to assure that the in-

terconnecting air spaces are sealed

off to form bubbles. This placement

is done to quickly remove the waste

from surface exposure and to place it

in the dense ice (0.8 gm/cm3) where

the meltdown trajectory would be ex-

pected to be more stable. The canis-

ter would melt through the 3000 to

4000 meters of ice in an estimated

5 to 10 years. The time estimated

for the canister to reach its an-

chored depth in the anchored emplace-

ment concept is 6 to 18 months. The

anchors and also the surface storage

facility would be covered slowly (2

to 10 cm/year) as the snow

accumulated.

The major energy consumption in 

ice sheet disposal is for fuel needed

for  transportation. This energy con-

sumption is about four orders of mag-

nitude lower than the electrical en-

ergy from the original nuclear fuel

from which the waste was derived.

Overall, disposal of radioactive

waste in ice sheets is considered to

have an uncertain potential for iso-

lating waste from man's environment,

depending largely on ice flow rates

and lack of certainty that the ice

sheet will remain

1000 to 1,000,000

the key questions

vorably, disposai

in existence for

years. Assumin

can be answered

of radioactive

g

fa-

waste in ice sheets could have the

tential for isolating

man's environment for

periods.

Generally favorable features of-

fered by ice sheet waste disposal are:

1) waste can be deposited at

great distance from man and his imme-

diate environment;

2) a low temperature environment

is provided for cooling the waste;

3) safety is provided from sur-

face storms and man's destructive ac-

tivities; and

4) a possible solution to the

waste dis-posal problem is offered on

an international basis.

The primary unfavorable features of 

ice sheet waste disposal are:

po-

waste from

long time



1.54 BNWL-1900

1) extended transport over sea

and ice is required;

2) operation is performed under

severe climatic conditions;

3) monitoring and retrievability

of waste is difficult; and

4) international political fac-

tors must be accommodated.

1.7.3 Seabed Concepts 

Implementation of the seabed dis-

posal concepts in the stable deep sea 

areas or rapid sedimentation areas 

could be attained with today's tech-

nology. However, significant devel-

opment of drilling and emplacement

technology is required to implement

disposal in the very deep sea areas

of the trenches and the subduction

zones. Final sealing of the dis-

posal holes to maintain isolation

for the long time periods of concern

will need to be tested (and improved

if necessary) for radioactive waste

disposal.

Knowledge is limited about the 

seabed and overlying sediments with

respect to history, movement, geol-

ogy, and tectonic stability over ex-

tended time periods. Projections re-

garding future conditions can be

inferred only from highly speculative,

theoretical, or limited knowledge.

The unconsolidated sediments on the

sea floor are not currently consid-

ered adequate in total for long-time

isolation of waste canisters, since

the sediments are subject to slump-

ing, erosion, and possibly liquefac-

tion. These occurrences could expose

waste canisters urless they are em-

placed in the underlying basement

rock. Sedimentation rates (from less

than one to possibly ten meters per

million years) in all seabed areas

except large river delta areas would

provide insufficient cover to assure

waste isolation. Sedimentary cover,

however, could provide an effective

secondary barrier between waste in

the basement rock and the ocean water.

The high geologic instability of

areas with high sedimentation rates

precludes assurance of waste isola-

tion unless waste is emplaced in the

underlying

Because

stability,

considered

dense seabed.

of their relative geologic

the stable deep areas are 

the preferred areas for

seabed disposal, based upon present

knowledge. Proper selection of sites

in these areas could provide poten-

tial isolation of radioactive waste

for very long time periods. These

stable seabed areas are considered to

be among the most stable geophysical

features in the earth. Isolation of

the waste would depend on the sta-

bility of the seabed and to some

degree the integrity of the man-em-

placed overlying sealant.

The major energy consumption in 

seabed disposal is for fuel needed 

for transportation and drilling.

This energy consumed is about five

orders of magnitude lower than the

electrical energy obtained from the

corresponding nuclear fuel.

Overall, disposal of radioactive

waste in the seabed has the potential

for isoiating waste from man's envi-

ronment for periods in the order of

millions of years, depending upon

confirmation of inferred information

by future seabed exploration.
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Generally favorable character-

istics of seabed waste disposal are:

1) waste can be deposited at great

distance from man and his environment;

2) unconsolidated sediments offer

high retention capability for radio-

nuclides in event of their release

from the basement rock;

3) safety is provided from surface

storms and man's destructive activi-

ties;

4) large volumes of water are

available for dilution in event of re-

lease of waste constituents; and

5) a possible solution to the

waste disposal problem is offered on

an international basis.

The qenerally unfavorable character-

iqtirs of s..k.A waste disposal are:

1) extended transport and precise

placement operations are required

over the seas;

2) mobile seawater provides a

ready mechanism for transport of re-

leased waste constituents;

3) plant and animal life in sea-

water offers potential means for re-

concentration of released waste

constituents;

4) knowledge of the seabed rela-

tive to waste disposal is inadequate;

and

5) international political factors

must be accommodated.

1.7.4 Extraterrestrial Concepts 

The implementation of space dis-

posal of transuranic waste could be 

achieved with current technology.

This technology is considered to in-

clude the space shuttle and the space

tug, which are advanced vehicles but

which will use existing engineering

technology.

Some consideration was given to

potential advanced space propulsion

systems such as solar sails, nuclear

propulsion, ion propulsion, and accel-

eration of waste particles electri-

cally from an orbiting platform. Ad-

vantages appear possible with most of

these advanced schemes in regard to

more flexibility in achieving destina-

tions, larger payload, or improved

flight economics. However, they are

undefined and insufficiently advanced

to permit the analysis required by

this study.

Space trajectories considered

include:

1) Solar system escape

2) Solar impact

3) A high-earth oroit on the order

of 100,000 miles (160,000 kilometers)

4) A solar orbit other than that

of the earth and planets.

Information on these destinations is

shown in Table T.10.

Solar system escape can be

achieved directly by a single propul-

sion burn from the low-earth orbit

with all propulsion and guidance pro-

vided by the launch vehicle. Solar

system escape can be achieved with

somewhat less energy expenditure by a

properly designed swingby of Jupiter,

using a single propulsion phase (tug)

from low-earth orbit. However,

either case requires multiple shut-

tles per waste package to supply the

necessary sequential propulsion

energy.

Direct solar impact with a single

propulsion phase would require vehi-

cles using advanced technology.

Solar impact can be achieved by a

swingby of Jupiter, using a single
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TABLE 1.10. Summary of Potential Space Destinations

Delta-V,
Destination  km/sec(a) Advantages

High-Earth orbit 4.11 Low Delta-V
Launch any day
Passive waste package
Can be retrieved

Solar orbits via:
Single burn beyond
Earth escape

3.65 Low Delta-V
Launch any day
Passive waste package

Circular solar
orbit 4.11

Venus or Mars
swingby 4.11

Solar system escape:
Direct

Via Jupiter swingby

Solar impact:
Direct

Via Jupiter swingby

Low Delta-V
Launch any day

Low Delta-V

8.75 Launch any day
Passive waste package
Removed from solar system

7.01 Removed from solar system

24.08

7.62 Package destroyed

Package destroyed
Launch any day
Passive waste package

Disadvantages

Long-term container integrity
required.
Orbit lifetime not proven.

Long-term container integrity
required.
Earth re-encounter possible (may
not be able to prove otherwise).
Abort gap past Earth escape
velocity.tD)

Long-term container integrity
required.
Orbit stability not proven.
Abort gap past Earth escape
velocity.(b)

Long-term container integrity
required.
Limited launch opportunity (3 tc
4 months every 19 to 24 months).
Requires midcourse systems.
Need space propulsion or have
possibility of unplanned
encounter.

High Delta-V
Abort gap past Earth escape
velocity.lb)

High Delta-V.
Limited launch opportunity (2
to 3 months every 13 months).
Requires midcourse systems.
Abort gap past Earth escape
velocity.(b)

Extremely high Delta-V.
Abort gap past Earth escape
velocity.(b)

High Delta-V.
Limited launch opportunity (1
to 2 months every 13 months).
Requires midcourse guidance
systems.
Abort gap past Earth escape
velocity.(b)

a. Delta-V is the incremental velocity required to leave a low-earth orbit and is a direct
indication of the size and propulsion energy of the rockets required.

b. An abort gap is a short time period wherein a controlled abort of the mission cannot be
accomplished if the flight is off-course.
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tug phase

ever, the

trol in a

from low-earth orbit. How-

complexities of course con-

swingby mission may make 

this mission impractical.

For high-earth orbit, the tug

first places the payload into an

elliptical orbit. Another tug places

the payload into the final circular

orbit. The stability of the high-

earth orbit cannot currently be as-

sured for times greater than a few

thousand years. Furthermore, the or-

biting destinations are currently be-

lieved to require that the capsule

integrity be maintained for time peri-

ods approaching those of the need for

isolation from man, because waste re-

leased in earth orbit could return to

the earth.

Solar orbit possibilities include

(1) those closely associated with the

earth's orbit by injecting the waste

to earth escape velocity or slightly

beyond, (2) circular orbits slightly

inside or outside the earth's orbit,

achieved by additional propulsion

after escaping the earth, and (3)

solar orbits achievable by swingby of

Mars or Venus. However, solar orbits,

like high-earth orbits, cannot yet be 

assured stable enough so that the

waste could not impact the earth

before radioactive decay is complete.

Use of the moon as a repository

was not analyzed in this study be-

cause of future scientific interest,

future potential value, and space

environmental considerations.

The destination considered most 

likely is

About 190

waste can

flight to

direct solar system escape.

kilograms of transuranic

be transported in each

direct solar system escape

with the proposed space vehicles.

This capacity provides for disposal

of the transuranics from about 280

metric tons of spent LWR fuel in each

flight.

A conceptual design of a high-

integrity capsule has been developed

for space disposal of waste trans-

uranics. This spherical capsule,

1.5 meters in diameter, contains

transuranic oxide particles inside in-

dividual coated tungsten spheres con-

taining a void for buildup of helium

from alpha particle decay; these

spheres are within a solid aluminum

matrix which also contains lithium

hydride particles for slowing down

the neutrons and boron particles to

absorb neutrons. These capsules can

be fabricated using current

technology.

The safety aspects for space dis-

posal include primarily safety during

launch and control of the extraterres-

trial destination of the waste consti-

tuents. The potential for an abort

which could cause a release of radio-

nuclides during any one space launch-

ing is moderately high, but rela-

tively small amounts of waste con-

stituents are associated with each

launch, and package integrity is high

even in an abort.

The major energy consumption in 

space disposal is for propelling the 

waste to its final destination. This

energy consumption for disposal of

transuranic waste is about 4 to 5

orders of magnitude less than the

electrical energy from the original

nuclear fuel, depending upon the

final space destination.



Overall, extraterrestrial disposal

has the potential for permanent re-

moval of radioactive waste consti-

tuents from the earth, depending

largely on incentives and improved

knowledge of deep space travel.

Generally favorable features of 

space disposal are:

1) potential for complete removal

of selected waste constituents from

the earth;

2) safety is provided from earth's

climatic phenomena, both short and

long-term, and from man's destructive

activities; and

3) a possible solution to the

waste disposal problem is offered on

an international basis.

Generally unfavorable features of 

space disposal are:

1) disposal of only part of the

waste constituents appears to be eco-

nomically feasible with present

technology;

2) safety associated with multiple

launches is questionable;

3) monitoring and retrievability

of the waste constituents is very

difficult; and
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4) international political factors

must be accommodated.

1.7.5 Transmutation Elimination 

Concepts 

Elimination of a substantial frac-

tion of the waste actinides via trans-

mutation could be achieved by re-

cycling in fission reactors. Elimi-

nation of larqer fractions of waste 

actinides and selected fission prod-

ucts appears feasible by recycling 

in fusion reactors.

To establish the relative merits

and specific technical feasibility of

the transmutation approaches, special

criteria were developed and applied

which are unique to transmutation.

These related to overail waste bal-

ance, specific transmutation rate,

and. total transmutation rate.

The results of the feasibility in-

vestigations are summarized in Table

1.11. The accelerator devices fail

to meet the criteria for transmuta-

tion for almost all categories of ra-

dioactive waste. The possible excep-

tions are the use of a spallation neu-

tron source for transmutation of

TABLE 1.11. Summary of Transmutation Device Feasibility

Accelerators
' Electron Accelerator
• Proton Accelerator
' Spaliation Accelerator

Nuclear Explosives

Fission Reactors

Fusion Reactors

Technically Feasible for Transmutation

Fission Products Actinides

Category

No
No
No

No

No

1(a) Category 2(8) Category 3(a) Category 3

No No No
No No No

Possibly Possibly Yes

Possibly(A)

Possibly

Possibly
(b)

No

No

Possiblv(b

a. Category 1: Storage reauired for 100 years
Category 2: Storaqe eequired for 100-1000 years
Category 3: Storage required for 1000 years

b. Separated sotooes

Yes

Yes

Yes

Yes
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long-lived fission products or acti-

nides. The use of neutrons from a

nuclear explosion does not appear

technically feasible except for acti-

nides or separated fission product

isotopes. The use of fission and

fusion reactors (when they exist)

meet the selection criteria for trans-

mutation of actinides. Fusion reac-

tors also may transmute selected fis-

sion products.

The transmutation concept of con-

tinual recycle of actinides in fis-

sion reactors appears to have merit.

Calculations by Claiborne at Oak

Ridge National Laboratory, by Kubo

and Rose at the Massachusetts Insti-

tute of Technology, and at PNL for

this study indicate that significant

reductions are possible in the cumu-

lative toxicity index(a) of actinides.

The calculations indicate that using

existing separations efficiencies

with recycling of actinides in light

water power reactors could achieve an

order of magnitude decrease in the

short-term actinide toxicity index

and about a factor of fifty decrease

in the long-term toxicity index.

These reduction factors may be sig-

nificantly improved by achieving

higher separations efficiencies,

better optimization of the reactor

irradiation, or by recycling in

LMFBRs or HTGRs.

The calculations of the neutron-

induced transmutation of actinides

and fission products in the blankets

of hypothetical Controlled Thermo-

nuclear Reactors (CTRs or fusion reac-

tors) have demonstrated that reduc-

tions of cumulative toxicity index of

actinides by a factor of 10 or more

below those achievable in fission

reactors could be obtained in the

high neutron flux levels proposed for

CTRs. The limitations on efficiency

of actinide transmutation in CTRs are

primarily practical problems such as

radiation damage to materials. These

studies have also shown that large re-

ductions in the total radioactive

toxicity are possible for some fission

product elements (e.g. 108 for 1-129).

For others, notably strontium and

cesium, the degree of toxicity reduc-

tion is minimal (2 to 5 for Cs-137).

The calculated values are

tain by a factor of about

of uncertainty in nuclear

data for these elements.

also uncer-

two because

reaction

Thus, the

projectEd transmutation of some fis-

sion product elements in CTRs may not

be decided until improved estimates

of rates are possible and the actual

characteristics of a CTR have been

established. A11 considerations of

radionuclide transmutation in CTRs,

of course, presuppose the successful

accomplishment of controlled thermo-

nuclear fusion.

The primary beneficial safety

aspect of transmutation is the inven-

tory reduction of most of the long-

lived radionuclides. Safety consid-

erations during the operational phase

a. Toxicity index is defined as the amount of air or water required to dilute
the present amount of a given isotope to levels defined in the Code of 
Federal Reglations (10 CFR - Part 20) as the maximum permissible concen-
tration. ne toxicity index provides only an approximate comparison of
radiological risk, since it does not allow for accumulation or re-
concentration of a nuclide in environmental media, nor for the total impact
of a number of nuclides. For limited comparisons, it is an acceptable
alternative to dose calculations if used with caution.
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are primarily concerned with the

incremental burden of processing,

handling, and transporting the trans-

mutation materials. While the possi-

bility for release of radionuclides

during operation is relatively high,

the amount of materials involved in a

release should normally be small.

For the long time periods the safety

concerns are dictated by the means

used for disposal of the untransmuted

waste.

The energy consumption in trans-

mutation is essentially that asso-

ciated with increased enrichment for

transmutation in Light Water Reactors,

chemical partitioning and handling,

and transportation costs. The energy

consumed and the additional energy

developed due to transmutation pro-

cesses in the nuclear devices are

considered to be essentially at the

break-even point. The total incre-

mental energy consumed from the pro-

cessing and handling operations is

three to four orders of magnitude

less than the electrical energy from

the original nuclear fuel

enrichment cost for Light

tors would not be present

were done in fast fission

The added

Water Reac-

if recycle

reactors.

Overall, elimination of a substan-

tial fraction of actinides and se-

lected fission products appears to be

technically feasible by recycling in

fission and fusion reactors.

Generally favorable features 

offered by transmutation processinq

are:

1) the inventory of actinides and

certain fission products is reduced

markedly;

2) improved use of resources from

fission reactors is effected; and

3) the waste being transmuted is

readily monitored and retrieved.

Generally unfavorable features 

offered by transmutation processing_

are:

1) elimination of only part of the

radioactive waste constituents is

feasible;

2) the waste constituents under-

going transmutation are subject to

effects of all other nuclear mate-

rials in man's environment such as

earth's storms and man's destructive

activities;

3) significant additional han-

dling and processing is required for

the waste being transmuted; and

4) additional waste is formed in

the processing and transmutation

steps.

1.7.6

The

tation

Waste Partitioning 

extraterrestrial and transmu-

schemes require partitioning_

(separation) of actinides from the

remaining waste constituents. The

main extraterrestrial study case also

requires further separation of the

uranium from the remaining actinides;

and if transmutation of selected fis-

sion products is done in a fusion

reactor, these selected fission prod-

ucts must also be separated from the

other waste streams.

Partitioning, if used, must result

in a bulk fission product waste frac-

tion which has very little of the

actinides remaining so that this

waste stream need be managed for only

about 1000 years, and result in an,

actinide or transuranic fraction

which has low enough fission product

content to minimize interference with

the transmutation or space disposal.



For the latter need, allowable fis-

sion product content in the actinide

fraction for transmutation is esti-

mated to be about 1% of the total

waste fission products; and that for

space disposal is in the range of

0.1 to 1% of the total waste fission

products. This performance is con-

sidered to be technically feasible by

extension of existing chemical sepa-

rations technology.

For removal of actinides from the

fisšion products, the separation re-

quirements are not clear because the

ultimate answer to the

"at what radioactivity

material be considered

active" depends highly

question of

level can a

as not radio-

on the spe-

cific disposal technique and site.

It is also complicated by the need

for higher decontamination (separa-

tion) factors for some actinides than

for others. The required separation
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factors can range from as low as 10

to as much as 106 to 108, depending

upon assumptions and specific case .

conditions. The more likely case is

somewhere in the middle of the range

and is believed to be between 100 and

10,000.

An overview study was made of all

chemical separations processes which

might be applicable to partitioning

of actinides from bulk liquid waste.

The conclusions, summarized in Table

1.12, indicate that solvent extrac-

tion and ion exchanqe have the best 

capability for achieving the required 

separation factors. Other separa-

tions processes have uncertain capa-

bilities, even for low decontamina-

tion factors. Also shown on the

table is the need for analytical

capability. The existing analytical

technology is probably adequate for

TABLE 1.12. Partitioni•ng Feasibility Study Conclusions:
Adequacy of Existing Technology(a)

Solvent Extraction

Ion Exchange

Other Separation
Techniques

Analytical Capability

Actinide Separation (DF)
(b)

10-100 1,000-10,000 10
6-10

8

Yes

Yes

Possibly

Yes

Possibly

No

Yes Possibly

Possibly

No

No

No

a. Existing separations technology needs adaptation to the objectives of
partitioning.

b. This study was concerned primarily with the adequacy of existing
technology for obtaining adequate separation of actinide elements
from the short-lived waste fraction. Adequate technology exists
for obtaininq needed purit•y of the separated actinide fraction.
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iow separation factors but is prob-

ably not adequate for higher sepa-

ration factors.

The overview study alio developed

the following conclusions with 

respect to partitioning: 

• Solids present in all high-level

radioactive waste will compl 4 cate

separations process development.

Solids composed of large particle

sizes may contain long-lived nuclides

and have to be treated to remove them.

Very small or colloidal solids may

contain long-lived nuclides, particu-

laHy plutonium, and interfere with

separations processes.

• A large amount of technology

exists pertinent to the separations

needed, but it has never been applied

to this particular problem. Addi-

tional Research and Development is

needed to adapt it to achieve the

needed separation factors.

• To accomplish actinide element

separation completely within a typ-

ical Purex reprocessing plant by pro-

cess and equipment modification is

not practical. Major process and

equipment changes would be required.

• Because of potential radiation

damage to solvents or ion-exchange

media, there may be a processing in-

centive to include interim aqueous

waste storage for improved

partitioning.

Overall, it is concluded that par-

tioning of the waste is feasible for 

low to modest separation factors and 

is uncertain for high separation 

factors.
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1.8 RESEARCH, DEVELOPMENT, AND TIMING 

All of the potential alternative

concepts require Research and Devel-

opment before they can be imple-

mented. The time requirement to com-

plete the Research and Development in

all concepts is the primary control-

ling factor in the time that the con-

cepts can be implemented. A summary

of the estimated Research and Devel-

opment needs and the estimated near-

early time for implementation of the

disposal concepts on a routine pro-

duction basis is presented in

Table 1.13. The Research and Develop-

ment studies for all concepts are as-

sumed to terminate upon successful

completion of pilot-ccale

demonstrations.

A reference point for comparison

of Research and Development costs is

the Research and Development cost

for nuclear reactors to date. The

total cumulative Research and Devel-

opment cost for nuclear reactors is

on the order of $5 billion. The

capital value of nuclear power reac-

tors anticipated through the year

2000 and the value of the associated

electricity may also be used for com-

parison. At $400/installed kilowatt,

the capital cost of nuclear power

reactors through the year 2000 is

5 x 1011 dollars ($500 billion); at

10 mills/kWhre, the value of nuclear

electricity through the year 2000 is

about $1000 billion.

1.8.1 Geologic Concepts 

Research and Development require-

ments for the geologic concepts are

primarily associated with the analy-

sis and prediction of geological

events and the definition of the

effects resulting from the emplace-

ment of waste in a geologic forma-

tion. In addition, significant

drilling Research and Development is

required for the deep-hole concepts,

and significant thermal and chemical

behavior studies are needed for the

in-place melting concepts.

Some of the specific areas for

study are:

1) Migration of radionuclides in

geologic formations

2) Rock-waste chemical reactions

3) Rock mechanics of candidate

geologic formations in the presence

of waste

4) Sealing of access areas to dis-

posal sites

5) A11 aspects of in-place fixa-

tion for certain concepts

6) Deep-hole drilling technology

for deep-hole concepts

7) Deep geologic studies for deep-

hole concepts

8) Improved survey and monitoring

methods.

Major Research and Development prob-

lems are posed when considering dis-

posal of an intermediate liquid phase

and, in the melting concepts, assur-

ing the behavior of a molten region.

Total Research and Development

costs for the geologic concepts were

estimated to range from $50 to $180

million, depending on the specific
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TABLE 1.13.

Concept
Seologic Concepts

1. Solid waste emplaced in mined
cavity; no fluid cooling or
melting

2. Solid waste emplaced in mined
cavity; initial water cooling;
melting

3. Solid waste emplaced in man-
made structure in mined
cavity; initial air cooling;
no melting

4. Solid waste emplaced in man-
made structure in mined
cavity; initial water cooling;
nO melting

5. Liquid waste emplaced in mined
cavity; initial reflux
cooling; melting

6. Liquid waste emplaced in
exploded cavity; initial reflux
cooling; melting

7. Solid waste emplaced in matrix
of drill holes; no fluid
cooling or melting

8. Solid waste emplaced in deep
holes; no fluid cooling;
melting or nonmelting

9. Liquid waste emplaced in deep
holes; initial reflux cooling;
melting

10. Liguio waste emplaced by
hydrofracture; in-place curing

Ice Sheet Concepts

1. Self melt through ice

2. Anchored storage/disposal

3. Ice surface storage/disposal

Seabed Concepts

1. Subduction zones and other deep
sea trenches

2. Stable deeo sea areas

3. Rapid sedimentation

Extraterrestrial Concepts

1. Solar and Earth Orbits

2. Solar impact c)

3. Solar escape

Transmutation Concepts

1. Fission reactors

2. Fusion reactors(e)

3. Acceleratorsff)

Estimated Research and Development Needs
and Timing to Routine Operation

Research and Development

Major Activities

Basic geological, geophysical studies; site
evaluation; emplacement systems develop-
ment; thermal and radiation effects; con-
tainment/confinement integrity; instrumen-
tation auxiliaries; rock sealing;
demonstration

Same as I above; also, in-place conversion

Same as 1 above

Same as 1 atove

Same as 1 above; also, in-place conversion

Same as 1 above; also, in-place conversion

Same as 1 above

Same as 1 above; also, in-place conversion
and deep hole drilling techniques

Same as 1 above; also, in-place conversion
and deeo hole drilling techniques

Same as 1 anove; also, rock hydrofracture
studies

5asic geological/geophysical studies; site
evaluations; sea and ice transport; emplace-
ment system development; instrumentation ana
auxiliaries; demonstration

Basic geological/geophysical studies; site
evaluations; sea transport; drilling and
sealing; emplacement system development;
instrumentation and auxiliaries;
demonstration

Partitioning development; disposal priority;
capsule design, testing; encapsulation
development; Flight vehicle, auxiliary
development; tasting; safety evaluation

Partitioning development; neutronics data
analysis and measurements; fuel development;
safety evaluation; demonstration

Total
Cost,

Millions
of S

Total
Time,
years

Total
Time for

Operation,
yearslal

50 15 20-25

90 20 25

50 15 20-25

50 15 20-25

160 20 25

170 20 25

70 20 30

160 25 30-35

180 25 30-35

50 10 15-20

000-1000(b) 25 30

400-1000(1') 25 30

200(c) 20 20

130(d) 10-15 15

a. Includes Pesearch and Development time.
b. tce sheet and seabed costs are very difficult to estimate. The estimated ranges given are highly speculative.

About four times the estimated costs shown here will be required for basic geological/geophysical and related
earth science studies; the costs estimated in this table would be aimed specifically toward waste disposal.

c. Space Research and Oevelopment costs do not include costs for basic flight vehicle and auxiliaries development; these costs (in
many millions of dollars), are assumed to be borne by NASA for other space flight activities. Costs include an estimated
5100 million for space vehicle and trajectory development specific to waste disposal, and disposal of remaining waste
fraction by the terrestrial concept with lowest Research and Development cost (050 million). Costs and timing for solar
impact were not estimated; these do not apply to solar impact.

d. Includes industrial participation estimated at 50 million dollars and disposal of renmining waste fraction by the terrestrial

concept with the lowest Research and Development cost ($50 million).
e. Research and Development fnr fusion reactors was not evaluated. Requirements are dictated by advent and engineering of fusion

reactors.
f Research and Development. For accelerator transmutation was not evaluated. Feasibility of concept is uncertain,
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concepts.(a) Estimated time through

full demonstration to beneficial oc-

cupancy of committed facilities for

routine operation varies between 15

and 35 years.

1.8.2 Ice Sheet Concepts 

Primary Research and Development

needs for the ice sheet disposal of

high-level waste are concerned with

understanding and evaluating the

factors affecting long-term contain-

ment and isolation of the wastes.

Rates of movement within the ice

sheet, its long-term stability, and

physical conditions at the ice-bed-

rock interface are essentially un-

known. Research in climatology

would be necessary to permit esti-

mates of the expected life of the

ice sheet. To collect and evaluate

data to assure long-term isolation

would require tens of years of ex-

tensive effort in many fields of

science.

Transportation of the waste from

the edge of the continent to the dis-

posal sites would require consider-

able development of both equipment

and supply methods to establish a

practical, highly safe system.

Surface-effect vehicles offer the

possibility of more rapid transport

than conventional tracked vehicles

but would require more development

and testing to prove their usefulness

under severe ice sheet conditions.

A pilot-scale demonstration would

be needed to prove the effectiveness

a.

of meltdown and anchored emplacement

concepts. Laboratory studies, trans-

port, and embarkation port design and

construction, concept demonstration

and pilot-scale demonstration would

require an estimated ten years con-

current with ice sheet studies.

Total Research and Development 

costs for ice sheet disposal concepts

are most difficult to estimate but

are expected to be in the range of

$3 to $5 billion, and those specifi-

cally aimed toward waste disposal are

expected to be in the $600 to $1000 

million range. Research in the ice

sheet areas is very expensive

of the high cost of logistics

plies. Time requirements are 

because

and sup-

esti-

mated to be about 25 years for Re-

search and Development before routine

operation would be in effect.

More than three-fourths of the es-

timated Research and Development

costs are for basic geological/geo-

physical studies of the ice sheet

areas. The level of research effort

would be several times that currently

applied to these basic studies.

1.8.3 Seabed Concepts 

Extensive geological/geophysical/

oceanographic/biological studies

would need to be conducted on the sea

and seabed to determine more the loca-

tion and specific features of suit-

able areas for waste disposal. Know-

ledge of the composition and physical

characteristics of the sea floor mate-

rial, deep currents and geologic sta-

bility is necessary to determine how

The major Research and Development efforts expended to date on dis-
posal of radioactive waste in mined cavities in geologic salt forma-
tions would likely result in significantly lower future costs for
development of this concept.



1.66 BNWL-1900

successfully isolation of the waste

could be maintained.

Present transportation systems and

equipment could be modified to trans-

port the waste. Establishing embarka-

tion ports would be essentially a de-

sign problem but would require some

research for site selection.

Waste canister materials resistant

to corrosion during emplacement and

able to accommodate the hydrostatic

pressures would need to be developed.

The thermal and radiation effects of

the waste canisters on seabed mate-

rial would need investigation, which

could be performed, in part, in labo-

ratories once seabed material had

been obtained.

Drilling equipment capable of oper-

ating through 10 kilometers of water

would need to be developed. Existing

semi-submersible drilling platforms

would need further development and

modification for stable positioning

and for firm docking of transport

ships.

A pilot-scale demonstration would

be needed to establish the viability

of the waste management system and of

the equipment, once developed.

Total Research and Development 

costs for seabed disposal concepts

are quite difficult to estimate, but

are expected to be in the range of 

$400 to $1000 million specifically

for waste disposal, with a total of

about $2 to $5 billion. Near-minimum

time requirements are estimated to be 

20 to 25 years. More than 75 percent

of the total effort would be applied

to geological/geophysical studies

aimed at a basic knowledge of the sea-

bed. The expenditure rate would be

several times the current rate for

seabed Research and Development

studies.

1.8.4 Extraterrestrial Concepts 

Research and Development items spe-

cific

posal

waste

to extraterrestrial waste dis-

include waste partitioning,

capsule materials and form de-

velopment, encapsulation process de-

velopment, handling techniques, dis-

posal trajectory studies, special

instrumentation, and safety

evaluations.

The estimated Research and Devel-

opment cost of $50 million for space

disposal of transuranic element waste

includes all costs except those for

the basic flight vehicles and their

auxiliaries. Overall flight develop-

ment costs, expected to be many mil-

lions of dollars, are assumed to be

part of the space development program

conducted by government agencies

other than the Atomic Energy Commis-

sion. Costs for space vehicle and

trajectory development specific to

waste disposal are estimated by the

Pacific Northwest Laboratory to be in

the range of $100 million. An addi-

tional $50 million of Research and De-

velopment is assumed to be needed for

terrestrial disposal of the waste

fraction not sent to space. This

cost is the minimum estimated for ter-

restrial disposal concepts. Thus the

total direct Research and Development 

costs for space disposal are esti-

mated at about $200 million.

The timing for routine operation 

of space disposal, estimated at about 

20 years, is controlled largely by

the schedule for development and
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achievement of reliable operational

status of the basic space shuttles

and tugs by other government agencies.

1.8.5 Transmutation Elimination 

Concepts 

It was assumed for this study that

transmutation would be accomplished

in commercially owned facilities and

the Research and Development needs,

costs, and timing for implementation

were estimated on this basis.

The Research and Development needs 

to develop the fission reactor trans-

mutation concept are estimated to re-

quire between 10 and 15 years (depend-

ing upon using either LWRs or LMFBRs)

and cost 130 million dollars. The

cost includes $3 to $5 million for

partitioning, $50 million for ter-

restrial disposal of .the waste frac-

tion not transmuted and $75 million

for actinide recycle engineering

(assuming $20 million of government

funding and $50 million of industrial

funding).

The potential near-term feasibil-

ity of fission reactor transmutation

of the actinides suggests major Re-

search and Development emphasis in

that area. Since the development of

a viable fusion reactor remains to be

proven, a modest analytical Research

and Development effort is projected

for studying transmutation in fusion

reactors. No specific Research and

Development effort is recommended for

accelerator transmutation at this

time. However, it may be worthwhile

to consider a modest effort to better

ascertain

ments for

determine

the accelerator require-

transmutation in order to

the breakthrough necessary

in acceleration technology for

this alternative to represent a tech-

nically feasible transmutation

concept.

Specific Research and Development

items for the fission reactor trans-

mutation concept include development

and evaluation of nuclear data, reac-

tor and fuel cycle calculations, ex-

perimentation and evaluation, and

evaluations of special fuel handling

systems, waste management schemes,

and safety evaluations.

1.8.6 Waste Partitioning 

A Research and Development program

was outlined to develop waste parti-

tioning to the state of readiness for

commercial

is planned

high-level

application. The program

to obtain representative

waste and characterize it

with respect to solids content and

composition; to develop separations

flowsheets through laboratory scale

testing; to provide cost estimates on

various separations processes for eco-

nomic comparison; to select promising

separations processes for pilot plant

testing; to design, construct and

operate pilot plant facilities for

demonstration of processes and resolu-

tion of problems posed by large scale

operation; and to develop and test

analytical procedures as required for

process control. The program is esti-

mated to require about five years and 

cost $3 to $5 million, not including

the cost of the pilot plant facility.

(Pilot plant facilities exist which

should be,

usable for

The AEC

program of

with some modifications,

these studies.)

is currently embarked on a

study of the partitioning

of high-level radioactive waste.
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1.9 WASTE MANAGEMENT COSTS 

An analysis of waste management

costs for each disposal concept was

developed by taking into considera-

tion.. all of the necessary components

of a complete waste management system.

The system cost includes, for example,

any added spent fuel transport, in-

terim liquid waste storage, waste

solidification, interim solid waste

storage, and transport of solid waste

canisters to the disposal site or

port oF embar"ation in the case of

seabed or ice sheet concepts. The

cost estimates are highly preliminary,

based on limited concept definition,

but are believed to be sufficiently

detailed to establish the general mag-

nitude and a relative comparison of

disposal costs for each concept. The

concept costs considered here include

only the costs directly related to im-

plementing each concept. They do not

include Research and Development

costs nor any estimated external or

indirect societal costs.

Disposal costs were developed in

terms of levelized unit  charqes--the

single charge that could be assessed

over the entire life of a project

against each unit processed that

would, regardless of fluctuations in

processing rates and expenditure pat-

terns, recover all operating expenses

as well as the initial investment

plus a specified rate of return on

the investment. A 10% interest rate

was employed. The final waste dis-

posal facility was assumed to be a

federal government operated facility,

while all operations prior to this

were assumed to be performed by a

fuel reprocessor who must pay taxes

on his profits.

Levelized unit charges were devel-

oped for each concept based on han-

dling all of the waste generated by

the nuclear power industry for a 25-

year period starting in 1980. It was

assumed that new facilities would be

added at 10-year intervals with suffi-

cient capacity to handle the next ten

years of waste generation.

elized charges are based on

payment at the time of fuel

The lev-

assumed

reprocess-

ing when the waste is generated.

When disposal operations are deferred

several years after reprocessing, the

payment is credited with interest up

to the time the actual operation is

carried out. The payment at the time

of reprocessing is the discounted pre-

sent worth at the time of reprocess-.

ing of the cost at the time the opera-

tion is carried out.

For partitioning, total costs of

$10,000 to $20,000 per metric ton of

irradiated fuel were estimated for

relatively low separations require-

ments (actinide elements only, separa-

tion factors on the order of 100)

depending on the purity of the long-

lived fraction. If higher separation

factors are required, separation

costs would probably equal or exceed

current total fuel reprocessing ccsts

(about $30,000 per metric ton).

The resultant preliminary cost

estimates for each of the disposal

concepts are shown in Table 1.14.

Estimates are shown for both the di-

rect concept costs and for the waste

management system costs. The direct

concept costs are shown in terms of

estimated total capital and operating

expenditures for waste generated over
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TABLE 1.14. Summary of Concept Cost Evaluations

Geological Concepts 

1. Solid waste emplaced in mined
cavity; no fluid cooling or
melting; granite.

600 meters deep
1,500 meters deep

2. Solid waste emplaced in mined
cavity; initial water cooling;
melting; granite.

3. Solid waste emplaced in manmade
structure in mined cavity; ini-
tial air cooling; no melting;
granite.

one tunnel
two tunnels

4. Solid waste emplaced in manmade
structure in mined cavity; ini-
tial water cooling; no melting;
granite.

one tunnel
two tunnels

5. Liquid waste emplaced in mined
cavity; initial reflux cooling;
melting; granite.

6. Liquid waste emplaced in exploded
cavity; initial reflux cooling;
melting; granite.

7. Solid waste emplaced in matrix
of drili holes; no fluid cooling
or melting; granite.

8. Solid waste emplaced in deep holes;
no fluid cooling; melting or nonmelting
granite.

9. Liquid waste emplaced in deep holes;
initial reflux cooling; melting;
granite.

10. Liquid waste emplaced by hydrofracture;
in-place curing; shale.

Ice Sheet Concepts 

1. Self melt through ice.

2. Anchored storage/disposal.

3. Ice surface storage/disposal.

Seabed Concepts 

1. Subduction zones - deep sea trenches.

2. Stable deep-sea areas.

3. Rapid sedimentation.

Extraterrestrial Concepts(b)

1. Solar and earth orbits.

2. Solar escape.

Transmutation Concepts(b)

1. Fission reactors.

Direct Concept Costs

Cumulative for
1980-2004 Period

Levelized
(a)

Unit Charges

Total Waste Management
System Costs(d) 

Levelized Unit Charges(a)

Capital
$ Millions

Operating
5 Millions

5/MT Re-
processed

5/MT Re-
processed

Mills/
kW-hr

1,100 300 3,700 12,000 0.046
1,200 300 3,900 12,000 0.046

140 130 700 9,000 0.034

2,600 500 8,500 17,000 0.064
2,600 500 8,200 16,000 0.063

1,200 400 4,000 12,000 0.047
1,100 400 3,700 12,000 0.046

110 140 1,400 6,400 0.024

100 140 1,300 6,500 0.024

540 140 2,100 10,000 0.039

700 150 2,300 11,000 0.041

340 100 3,000 8,000 0.030

2,470 110 700 11,000 0.043

2,500 3,300 12,000 21,000 0.078

2,800 5,200 15,000 24,000 0.090

2,900 2,800 12,000 20,000 0.077

1,300 1,700 8,000 17,000 0.063

1,300 1,700  8,000 17,000 0.063

730 1,650 5,000 14,000 0.052

(c) (c) 30,000 40,000 0.15

(c) (c) 80,000 90,000 0.34

(c) (c) 28,000 38,000 0.15

a. Cost present worthed to time of reprocessing.
b. In the case of Transmutation and Extraterrestrial disposal concepts, the concept cost given in this table includes

the cost of disposing actinides and transuraniums only. Additional costs of disposing of the remaining waste must
be added to obtain total waste management costs. A representative cost for terrestrial disposal of the remaining
waste fraction of510,000/MT or 0.04 mills/kW-hr is added to the transmutation and extraterrestrial costs and listed
in the last column to show a total waste management system cost.

c. Costs for Transmutation and Extraterrestrial disposal concepts were obtained somewhat differently than for terrestrial
concepts. Comparable data 'c- the headings shown are not availaole. Transmutation costs assume the use of commercially
owned facilities.

d. System cost includes extra transport costs, interim liquid storage, oartitioning, solidification, etc.



the 25-year period from 1980 to 2004

and in terms of levelized unit

charges present worthed to the time

of reprocessing. The present worth-

ing somewhat obscures the relation-

ship between capital and operating

costs and the levelized unit charges

because of differences in elapsed

time from reprocessing to final dis-

posal for some of the concepts. The

waste managerdent system costs include

the costs of other essential waste

handling components. Relative costs

for different concepts are more real-

istically stated in terms of total

system costs.
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These estimates conclude that the

levelized unit cost for the most ex-

pensive concept (extraterrestrial 

solar escape disposal) is iess than 

five percent of current nuclear elec-

tric power costs; most concepts are 

in the range of 0.4 to 1.0 percent;

and two concepts are in the range of 

0.2 percent.

the disposal

increase the

Consequently, none of 

concepts is estimated to

cost of nuclear electric

power by major amounts.
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1.10 ENVIRONMENTAL CONSIDERATIONS 

Exclusive of the possible dose con-

sequences of radionuclide release

from the waste, there were only a few

specific cases in which any signifi-

cant environmental effects were indi-

cated. Environmental effects are es-

timated for disposal in the year 2010

for the waste accumulated in the U.S.

through the year 2000.

Geologic conceals would commit

typically about 130 square kilometers

of land(a) but have little other im-

pact. Some care would be required in

disposing of the mining spoils of

some 2.3 million cubic meters. There

would be some small transportation im-

pact resulting from an estimated

12,500 shipments to the disposal site

by the year 2010.

The ecology of the ice sheet re-

gions is fragile, and care would be

required to ensure that the trans-

portation and emplacement operations

did not seriously disrupt it. The

heat rejected by the nuclear waste

would have a small but finite proba-

bility of accelerating ice sheet move-

ment towards the sea. Such an event

could have a profound effect on the

entire world. In addition to over-

land trips to the embarkation point,

the noise, possible oil spills, and

disruption of the surface resulting

from surface transport, air, and

water support operations would cause

most of the expected impact. Total

ice sheet area used would be about

80,000 square kilometers. Up to ten

trips per year would be required for

over-ocean ship transport.

Seabed concepts would require the

isolation of an area of some

square kilometers from other

activities. Some disruption

ocean bottom environment can

2,000

seabed

of the

be an-

ticipated during the drilling opera-

tions, but little disturbance of the

marine ecology would be anticipated

during other phases of the management

operation. Truck or rail shipment

would be required to the port of em-

barkation. An estimated 60 annual

round trips to the drilling platform

would be required for movement of per-

sonnel, small materials, and supplies.

Up to ten trips per year would be re-

quired for transporting waste to the

platform.

Extraterrestrial launches of trans-

uranic

mental

severe

during

elements entail some environ-

impact. Probably the most

of these is the noise level

launch and re-entry of the

shuttle. Sonic booms with overpres-

sures of about 0.014 atmospheres over

the ocean and 0.001 atmospheres over

land can be anticipated. The environ-

mental effects from the launch opera-

tions will be only part of the total,

since the remaining waste will have

to be disposed of by some other meth-

od. The ground transportation impact

a. The land use is generally controlled by the size of the "buffer" or
zone of isolation around the actual disposal site. In this study,
this zone was assumed to be 3.2 kilometers wide, which is in the
range of 1.6 to 8 kilometers stualed at ORNL for a bedded salt pilot
plant repository.
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will be considerably greater from the

large launch components than from the

"payload" capsules for the launches

required each year. Ancther launch

site comparable to the existing

Kennedy Space Center will be required.

The incremental environmental im-

pact of actinide transmutation in

LWRs would be minimal. Most effects

can be attributed to the additional

load on the nuclear fuel cycle.

Since more fissile material is re-

quired to transmute the actinide ele-

ments, more uranium must be mined,

more enrichment and processing facili-

ties are required, etc. As in the

case of extraterrestrial disposal,

additional environmental impacts

would be involved in the disposal of

the fission

tion impact

few percent

cycle. The

products. The transporta-

would be increased by a

in all phases of the fuel

fuel elements containing

the actinides would require large

shielded containers ,comparable to

those used in the shipment of irradi-

ated fuel.
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1.11 POLICY CONFLICTS 

Both national and international

policies which might apply to the dis-

posal of nuclear waste were exarnined.

Although the results of these studies

were not factored into the final pro-

gram analysis, some interesting con-

clusions were reached.

The rules and regulations as estab-

lished by the Atomic Energy Commis-

sion in 10 CFR 50 (Appendix F) have

the most immediate national impact.

These regulations state specifically

that all high-level nuclear waste

must be disposed of in solid form on

federally owned and controlled land.

This clearly affects all liquid

waste/melting disposal concepts, all

extraterrestrial and ice sheet con-

cepts and, most probably, the seabed

concepts. However, the AEC rules and

regulations appear to be more easily

modified than international treaties.

The Antarctic Treaty of 1959 is an

international agreement.to which the

United States is a party. It specifi-

cally prohibits any disposal of radio-

active waste material in the Antarc-

tic. This would clearly affect all

the ice sheet disposal concepts which

envision the use of the Antarctic.

This treaty is in effect until 1989.

At that time any of the participants

may suggest amendments. If these are

not accepted within 2 years, any of

the parties may withdraw.

If the Greenland ice sheet were

considered as a waste repository, ne-

gotiations must be effected with

Denmark.

The Nuclear Test Ban Treaty might

affect the concepts using nuclear ex-

plosives. Any release of radioactive

materials across international bounda-

ries is prohibited. Although the

treaty is of unlimited duration, any

of the parties have the right to with-

draw if their "supreme interests"

have been jeopardized.

The Nonproliferation Treaty could

conceivably impinge on any of the con-

cepts since it provides for the safe-

guarding of all source and special

fissionable materials. The treaty

specifies that International Atomic

Energy Agency safeguard standards

must be observed in all peaceful nu-

clear activities whether within a

state or under its control anywhere.

The Treaty on Outer Space of 1967

and the Convention on International 

Liability for Damage Caused by Space 

Objects of 1972 (not yet ratified by

the U.S.) would affect all the extra-

terrestrial concepts. These treaties

define the reSponsibilities of par-

ties to the treaty

launch operations.

methods for fixing

in any space

They also define

liabilities for

damage caused by any space launch.

The seabed and ice sheet disposal

concepts would most probably be im-

pacted by the Convention on the High 

Seas and the Convention on the Con-

tinental Shelf of 1958. These trea-

ties protect the high seas and the

continental shelf respectively from

pollution by radioactive waste Ad-

ditionally, the United States' Marine 

Protection, Research, and Sanctuaries 

Act of 1972 prohibits transportation

and disposal at sea of radiological

warfare agents and high-level radio-

active waste.
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1.12 PUBLIC RESPONSE 

A method for the measurement of

the_major elements of public percep-

tion of risk associated with nuclear

waste was_developffid as part of this

study. From the recommendations of a

specifically assembled task force of

advisors on risk and public accep-

tance, seven major elements of per-

ceived risk were identified: dis-

tance, population density,

emplacement operations, stability,

detectability of leaks, retrievabil-

ity, and protective reaction in event

of a release of waste.

A before-after research design was

used in a preliminary pilot study

based upon these seven elements of

perceived risk. Two identical ques-

tionnaires were administered to 21

respondents from Battelle's Human

Affairs Research Center in Seattle.

In the pre-test only the barest of

descriptive material included in the

questionnaire was used as an informa-

tion basis. In the post-test, respon-

dents were asked the same questions

after a videotape presentation of a

5-minute description of each disposal

method. Five generic methods of nu-

clear waste disposal (geologic, ice

sheet, seabed, high earth orbit, and

surface retrievable storage) were

used to illustrate a wide range of

characteristics.

In both the pre-test and post-test

sessions, respondents were asked to

evaluate each of the five disposal

methods with their perception of the

seven elements of risk. They were

asked to make a comprehensive judg-

ment of the overall risk involved in

each of the concepts. They were also

asked to rankthe relative importance
of the elements of risk for each

concept.

Although this experiment was ad-

ministered to a small group and the

results have limited significance,

some of the results are interesting.

Some of the judgments changed between

the pre-test and post-test. After ex-

posure to the information on the

videotape, the respondents perceived

geologic disposal as being safer with

respect to the elements of distance

and stability but as more dangerous

with respect to retrievability and

protective reaction. Similarly, the

ice sheet disposal method was per-

ceived as being more dangerous for

all elements of risk after informa-

tion was presented. The standard de-

viation of the responses was almost

universally less in the post-test

than in the pre-test. All of these

results suggest that the respondents

have objective risk attitudes which

are subject to change with more de-

tailed information.

High correlation factors were

found in the correlation of impor-

tance of each risk element and per-

ceived danger for each risk element.

Multiple regression analysis of

the pilot survey results was inconclu-

sive. However, it was concluded that

this analytical technique can indi-

rectly measure the respondents' atti-

tudes. The technique could prove to 

be a useful approach towards measure-

ment of public response to waste dis-

posal concepts and perceived risk ele-

ments if the survey were administered



to larger and more representative

groups. With such information based

on in depth analysis, public atti-

tudes could be factored into concept

1.75 BNWL-1900

design. Favorable attitudes by the

public on technically sound waste

management practices is a most desir-

able objective.
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2.1

2.0 BACKGROUND AND DATA BASE 

In the production of electrical

power from nuclear energy, the nu-

clear processes which take place in

the nuclear reactor result in the for-

mation of radioactive fission prod-

ucts and actinide elements within the

nuclear fuel rods. The irradiated or

"spent" nuclear fuel is discharged

from the reactor and then chemically

processed in a nuclear fuel reprocess-

ing plant to recover the significant

amount of valuable "unspent" fissile

and fertile

through the

bulk of the

materials for recycle

nuclear fuel cycle. The

fission products, the

smaller amount of "waste" transuranic

elements and a fraction of the fuel

materials are removed in highly con-

centrated form in an acid aqueous

stream called high-level radioactive

waste.

This high-level waste generates

sufficient heat to require substan-

tial cooling, it emits large amounts

of potentially toxic ionizing radia-

tion,

lated

sands

and it must be carefully iso-

or contained for at least thou-

of years to prevent significant

quantities of the more highly toxic

radionuclides from entering man's

environment.

BNWL-1900

Present AEC plans for long-term

management of high-level waste call

for 1) interim retrievable storage

of solidified and encapsulated waste

in man-made structures for up to

about 100 years foilowed by 2) perman-

ent disposal or elimination. For per-

manent disposal, the AEC, with advice

and counsel of the National Academy

of Sciences, is also actively sponsor-

ing development of bedded salt

geologic formations as offering poten-

tially attractive features for long-

term management of the waste. In

addition, the AEC is sponsoring these

studies investigating the feasibility

of other potentially viable concepts

for waste management.

In general, units used in this re-

port are given in the metric system.

A listing of the

equivalents used

port is given in

metric-English

commonly in this re-

Table 2.1.

2.1 WASTE MANAGEMENT OPTIONS 

Radioactive wastes are generated

by essentially all segments of the

fuel cycle. These include:

Present Atomic Energy Commission

(AEC) regulations require that the Waste Source- Forms Radioactivity

liquid high-level waste from fuel re-
Uranium Mills Sludge Low

Uranium Conversion Solid Low

processing 1) be converted to a sta- Fuel Fabrication Solid/Liquid Low

ble solid material within 5 years
Reactors Solid/Liquid Low to High

Fuel Reprocessing

after separation in the fuel repro- High Level Solid/Liquid High

cessing step, and 2) be encapsulated Cladding Solid Low to High

Other Solid/Liquid Low

and shipped to a federal repository Miscellaneous Solid/Liquid Mostly Low

within 10 years of its production for

long-term management by the AEC.
(1)
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TABLE 2.1. Metric-English System Conversion Factors

To Convert 

calories, gram
centigrade
centimeters
cubic meters
cubic meters
cubic meters
grams
grams/liter
hectares
hectares
kilograms
kilometers
kilometers
kilowatts
kilowatts
kilowatt-hrs
liters
liters
liters/min
meters
meters/min
Tillimeters
mills/kilowatts-hrs*
newtons
square centimeters
square kilometers
square kilometers
square meters
tons (metric)
tons (metric)
watts
watts hours
watts hours
watts hours
watts hours
watts/cm2-°C

(watts/cm2)(°C/cm)

Into Multiply By 

Btu 3.9685 x 10-3

Farenheit (C° x 9/5) + 32
inches 0.3937
cubic feet 35.31
liter 1000.0
gallons (U.S.) 264.2
pounds 2.205 x 10

-3

pounds/cubic feet 0.062427
acres 2.47
square kilometers 0.01
pounds 2.205
miles 0.6214
feet 3,281
Btu/min 56.92
horsepower 1.341
Btu 3413
cubic feet 0.03531
gallons (U.S.) 0.2642
cu.ft/sec 5.886 x 10

-4

feet 3.281
feet/min 3.2.81
inches 0.03937
dollars/kilogram U* 277.2
pounds 0.2248
sq. inches 0.1550
acres 247.1
square miles 0.3861
square feet 10.76
kilograms 1000
pounds 2205
Btu/hr 3.413
Btu 3.413
ergs 3.60 x 10

10

foot-pounds 2,656
kilogram-calories 0.8598
Btu/(hr-sq ft-°F) 1760.6
(Btu/hr-sq ft)(°F/ft) 57.8

* at 33,000 megawatt days (thermal)/ton(metric) U and
35% conversion efficiency, thermal to electrical.

The high-level waste from the re-

processing of nuclear fuel, since it

contains essentially all of the fis-

sion

fuel

nium

products and a fraction of the

materials (i.e. uranium, pluto-

and neutron-generated isotopes)

is one of the more significant wastes

from the standpoint of waste

management.

This report deals principally with

management of the high-level waste

from reprocessing. Many of the con-

siderations in handling this waste



are readily adaptable to other nu-

clear wastes and could be so applied

in the future.

The long-term potential risk from

release of nuclear wastes from fis-

sion reactors requires very careful

development and implementation of a

waste management system. The time

periods involved, because of their

length, challenge man's planning

capabilities.

The two major protective devices

in the management of nuclear waste

are isolation and containment al-

though substantial interaction can

and does exist between these two fac-

tors. In this context, isolation is

used to mean the factors which influ-

ence the time required for migration

to man's environment. Typicai fac-

tors could include distance (16-

kilometer-hole), the ion-exchange

capacity of

water, etc.

isolated so

are greater

the earth, the lack of

If waste is adequately

that the migration times

than the time for radio-

active decay, isolation alone pro-

vides adequate protection. Con-

versely, if adequate containment

is provided by manmade barriers--

again for the length of time for

decay--the waste could be placed in

many selected locations in man's

environment. Here, the word barrier

is used to include the matrix for

the waste, e.g. silicate glasses,

wrapping such as metallic sheets,

and manmade containment such as a

concrete building.

The waste management options ex-

plored in this report seek to utilize

the maximum benefits from both isola-

tion and containment although princi-

pal emphasis is on isolation.

2.3 BNWL-1900

Partitioning prior to disposal is

a key element in some of the waste

management systems. By dividing the

high-level waste into two fractions,

one in which the major content of

radioactively toxic materials will

diminish to very low levels in about

a thousand

smaller in

generation

years and the other, much

weight, volume, and heat

rate, but containing long-

lived materials, a substantial in-

crease may occur in the number of

feasible waste management options

Manmade artifacts, for example

Chinese and Egyptian art objects,

have existed and remained in good con-

dition well in excess of 600 years.

Modern man should be able to duplicate

this performance and beneficially use

containment to supplement isolation

from the "short-lived" fraction of

waste.

For the longer-lived actinide

fraction of the waste, a combina-

tion of isolation and containment

will be necessary. For these mate-

rials and in the broadest sense,

only three options exist: elimina-

tion of the waste from man's environ-

ment by either beneficial transmuta-

tion; or extraterrestrial transport

off the earth; or isolation from

man's environment somewhere on earth.

In this report, the word "disposal"

is used in the context of a plan in

which the intent is to permanently

store in isolation, sometimes supple-

mented by manmade barriers to pro-

vide adequate protection for the

periods of time required for effec-

tive removal of the hazard by decay.

The word "storage" is used to mean a

plan and operations which are depen-

dent on routine and continuing



actions of man to maintain ard pro-

vide the necessary containment bar-

rier for the waste.

The waste management options under

study are listed in Table 2.2. It

will be noted that each major cate-

gory involves several subsets.

The fission reactor waste manage-

ment systems required for any concept

are shown in Figure 2.1. This logic

2.4 BNWL-1900

diagram indicates the potential rout-

ing of nuclear waste, starting with

its presence in the discharged reac-

tor fuel (the source of waste) to its

final disposal or elimination step.

Appropriate conditioning (fixation or

solidification), retrievable storage,

partitioning (removal of actinides)

and fractionation (separation of dif-

ferent fission products) are

TABLE 2.2. Concepts Under Study for Hiah-Level
Radioactive Waste Management

Geologic 

Mined Cavity
Nuclear Cavity
Deep Hole
Drilled Hole Matrix
Manmade Structures in

Geologic Formations

A. PROCESSING 

Partitioning
(a)

B. DISPOSAL ON THE EARTH 

Seabed 

Stable Deep Sea Floor
Subduction Zones and

Deep Trenches
Rapid Sedimentation Areas

C. DISPOSAL OFF THE EARTH 

Extraterrestrial 

Solar Impact
Orbiting
Solar Escape to Deep Space

D. ELIMINATION

Ice Sheet 

Ice Burial - Free Flow
Ice Burial - Anchored
Ice Surface Facility

Transmutation 

Accelerator
Fission Reactor
Nuclear Explosive
Controlled Thermonuclear Reactor
(Fusion Reactor)

a. Partitioning is separation of waste constituents into two fractions: one
which contains the long-lived actinide elements and one which contains the
fission product. Variations from this basic definition are also included
in the study.
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FIGURE 2.1. High-Level Waste Management Options

identified as processing steps where

necessary to provide aging or modi-

fication to the physical or chemical

forms of the waste.

2.2 POWER PROJECTIONS 

Selected forecasts for installed

electrical generating capacity for

the United States are summarized in

Figure 2.2. It is projected that by

1980 over 20 percent of the installed

capacity will be generated by nuclear

reactors, while by 1990 nuclear en-

ergy will be producing 40 percent of

the total installed electrical capac-

ity or 500,000 MW. Additional de-

tails of the nuclear electric power

generating forecast are presented in

Table 2.3 and Appendix 2.A.

The forecast for U.S. nuclear

electric power generating capacity

"is based on operating data through

FY 1972,(7) the forecast of the AEC

Office of Planning and Analysis from

FY 1972 through FY 1988,(3) and re-

sults

(Case

clear

of a recent ORSAC case

63),(4) thereafter."(2) Nu-

power generating predictions

have been updated subsequent to the

issuance of Reference 1.
(a)
 However

a. Information cited from Reference 1 was taken from an unpublished draft.
Certain values were changed in the published report, which reflects the
updated projections.
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  HYDRO

GAS-TURBINE AND DIESEL

NU CLEAR

FOSSIL FUEL

- TOTAL GENERATING
CAPACITY

1980

/

1990

DEC, 1972 /

PROJECTION /

/

/

NUCLEAR
(MOST LIKELY)

HYDRO POWER

GAS-TURBINE/DIESEL

FIGURE 2.2. Projected Growth of Electrical Generating
Capacity in the United states(2,5,6)

as shown in Figure 2.2, the results

of these December 1972 "most likely"

AEC projections are still within the

probable range of Reference 2 and

predict that ". . . U.S. nuclear gen-

erating capacity will grow to

1,200,000,000 kilowatts by the end

of the century . . .(6) Projections

for the non-nuclear and total utility

generating capacity were obtained

2000

from the 1970 National Power Survey

(NPS) by the Feoeral Power

Commission.(6)

The power projections form the

bases for estimating the amount of ,

nuclear fuel that will be irradi-

ated in and discharged from nuclear

reactors. High-level waste genera-

tion rates are then projected from

estimates of the reprocessing rate

of the discharged fuel.
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TABLE 2.3. Forecast of U.S. Nuclear Electric Power
Generating Capacity, GWe(net)(2)

End of End of Average in Additions to Average
Calendar Fiscal  Fiscal Year  in Fiscal Year 

Year Year Year LWR HTGR LMFBR Total LWR HTGR LMFBR Total

1970 5.Oa
1971 8.1a 5.4a 5.2a 5.2 5.2 5.2
1972 17.4 10.8a 8.2a 8.2 3.0 3.0
1973 33.2 24.1b 17.5 17.5 9.3 9.3
1974 48.4 42.2b 33.2 33.2 15.7 15.7
1975 57.1 54.5b 48.4 48.4 15.2 15.2
1976 68.0 59.7b 57.1 57.1 8.7 8.7
1977 86.9 76.4u 68.0 68.0 10.9 10.9
1978 107.0 97.4b 86.9 86.9 18.9 18.9
1979 127.8 116.6b 107.0 107.0 20.1 20.1

1980 150.9 139.0b 126.8 1.0 127.8 19.8 1.0 20.8
1981 175.4 162.8b 146.9 4.0 150.9 20.1 3.0 23.1
1982 202.8 188.0b 166.4 9.0 175.4 19.5 5.0 24.5
1983 234.1 217.6b 186.8 16.0 202.8 20.4 7.0 27.4
1984 268.5 250.6b 208.1 26.0 234.1 21.3 10.0 31.3
1985 306.1 286.4b 229.5 39.0 268.5 21.4 13.0 34.4
1986 347,0 395.8u 250.1 56.0 306.1 2C.6 17.0 37.6
1987 392.4 368.2b 268.0 76.0 3.0 347.0 17.9 20.0 3.0 40.9
1988 439.0 416.6b 285.4 99.0 8.0 392.4 17.4 23.0 5.0 45.4
1989 473.0 461.4 300.0 124.0 15.0 439.0 14.6 25.0 7.0 46.6

1990 510.0 484.6 300.0 149.0 24.0 473.0 . 25.0 9.0 34.0
1991 555.0 535.4 300.0 174.0 36.0 510.0 25.0 12.0 37.0
1992 606.0 574.6 300.0 199.0 56.0 555.0 25.0 20.0 45.0
1993 669.0 637.4 300.0 224.0 82.0 606.0 25.0 26.0 51.0
1994 746.0 700.6 300.0 249.0 120.0 669.0 25.0 38.0 63.0
1995 827.0 791.4 300.0 274.0 172.0 746.0 25.0 52.0 77.0
1996 913.0 862.6 300.0 299.0 228.0 827.0 25.0 56.0 81.0
1997 1004.0 963.4 300.0 324.0 289.0 913.0 25.0 61.0 86.0
1998 1101.0 1044.6 300.0 349.0 355.0 1004.0 25.0 66.0 91.0
1999 1201.0 1157.4 300.0 374.0 427.0 1101.0 25.0 72.0 97.0

2000 1302.8 1244.6 300.0 399.0 502.0 1201.0 25.0 75.0 100.0

a. Operating data from Nucleonics Week.
(7)

b. Forecast from WASH-1139 (Rev. 1).(3)

2.3 REACTOR PLANTS 

Pertinent nuclear reactor plant

characteristics assumed for waste

projections are reprinted in

Table 2.4.(2) Characteristics for

light water cooled reactors (LWR),

which can be either pressurized water

(PWR) or boiling water (BWR) units,

are based on the 1000 MWe Diablo Can-

yon PWR plant. The fuels for the LWR

plants are fissionable isotopes of

uranium and plutonium (U-235 and

Pu-239); plutonium recycle was

assumed to begin in fiscal year 1979

in LWR plants.



TABLE 2.4. Nuclear Reactor Plant Characteristics(2)

Electric Power, NWe(net)

LWR-U LAR-U,

J

fraction

676

rud

Th-

U-231

2-215
3,+,cil
Makeup,

HIG1lb

0-215
Recycled
Makeup .

lotkil

1160

Core

A.I. Follow-on LMEBR 1

Axial Radial
Blanket Blanket

_

Total

1002

G.E.

fore

follow-an LMFBR9

Pa

Fraction

324

Tota;

1000

Axial
Blanket

Radial
Blanket

Total

1000 - 1011

(hernial Power, I-114 1077 2081 • 996 3077 3000 2219 1317 74 2400 2041 195 141 2417

Ave. Specific Powar,-, 37.5 17 5 37.5 37.5 30.6n 116.1 8.1 4.7 50.16 155.6 13.0 8.5 53.76

AW/metric ton

Avg. Bornuld, I.1adweild2 ton 32,873 32,873 32,873 /2,273 - 94,264 67,594 4739 7970 37,0913 101,542 8725 9051 41,792

FefLoling Itte.,,.- . ia,.s: - 65.2.5 365.25 165..,5 165.2E 365.25 3t5.25 365.25 164 364 361 364 385 385 385 385

Steady 5ti,c cd,

1,, kg 8434 8434

0-2,i, 21% 21: -

8,:f35, kg b)5.:: 59!..0 29.6 3/3.0 30.4 433 16 li '.., 34 28 14 .;4

Total U, kg 27,150 03,00o 2,409 26,909 357.9 4a3.0 104.5 465.4 7890 6571 2702 17,163 5031. 6884 4798 16,720

Fissile Pu, kgd 270:3 270.3 - 1196 1196 786 726

Total Pu, kge 441.6 441.0 1662 i663 1093 1893

(U + Pu + Th), kg ,:/,)50 1,3;500 8d50 d1,350 879. 403.0 104.5 9299.1 9553 6571 2/02 18,826 6131 6884 4798 17,813

Steady State Discharge

Th, kg 7319 7Pig

U-233, kg 219.3 219.3 - - _

8-235, kg 21::.1 164.6 26.1 191.0 10./ 3n.8 2.6 61.I d II 3 22 14 10 24

T,cal U, kg 26,117 17,673 LI,:G 25,d6a 36(3.1 105.3 /0.0 541.1 7255 6415 2543 16,213 4439 6580 4583 15,602

Pn, kyd I4C ; L . ; i,1.2 273.1 - - - 2.1 1143 133 119 1395 714 234 163 1111

Toca Po I/2.1 273.1 445.5 10.0 1655 137 126 1918 1051 24f; 171 1467

(U k Pu + I, ), vg .5.57,! 17,251 d46i 26,315 8185 105.1 70.8 8370 8910 6552 2669 18,131 5490 6825 4/54 17,069

a. PWR with self-sustaining Pu recycle.

b. Based upon full power and fuel charied.

c. At 801 luad factor.

d. Pu-219 + Po-241

e. Ro-238 + Pu-238 + Pu-240 Pu-241 + Pu-242

f. A.I. plant representative of early units, F.1.-87 thro,,;h i.f.-90.

d. G.E. plant typical of advanced units, i.e., beyntd F.f.-90.

OD

0
0
6
 l 
'
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O
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The HTGR is a thermal converter

plant based on the U-235 (highly en-

riched) /Th/U-233 fuel cycle that can

produce more new fissile material

(U-233 from fertile thorium) than con-

ventional PWR plants but not as much

as true breeder plants. The reactor

is graphite-moderated and gas-cooled.

"The model HTGR is based upon design

studies of an 1160 MWe HTGR that uses

annual ref!ieling (at 80 percent capac-

ity factor) of approximately one-

fourth of the core."(2)

The LMFBk plants use fast (unmod-

erated) neutrons and liquid metal

coolant and are designed to produce

more fissile material than they con-

sume. Fissionable plutonium will be

the key fuel mate.rial for the LMFBR

plants.

The United States utility industry

commitment to nuclear power is ap-

proaching 2 x 108 kilowatts. Nuclear

reactors built, being built, or plan-

ned are listed in Appendix 2A.

2.4 FUEL REPROCESSING AND HIGH-LEVEL 

WASTE 

Irradiated enriched uranium LWR

fuels typically contain about 30 per-

cent of the original fissile uranium

and the fissile plutonium that is pro-

duced by reactor irradiation. Chemi-

cal reprocessing is used to separate

and recover these useful products

from the fission products. In gener-

al th'e fission products and actinides

other than uranium, plutonium and

thorium are viewed as waste constitu-

ents. There is, however, also a

small amount of unrecovered uranium,

plutonium or thorium (commonly and

hereafter called loss) in this high-

level waste stream.

Existing or planned reprocessing

flowsheets are based on a solvent

extraction process. Aqueous acidic

"feed" solutions, arising from the

dissolution of irradiated fuels in

nitric acid, are fed to the initial

(first-cycle) solvent extraction

contact. Here most of the nuclear

fuel products are retained in an

organic phase while the fission prod-

ucts, along with a small quantity of

uranium, plutonium or thorium and

generally all other actinide elements

are discarded as aqueous acidic high

level waste (aqueous first-cycle

waste).

2.4.1 Liquid Waste 

Typical constituents of high-

level liquid waste from the repro-

cessing of irradiated fuels from LWR,

LMFBR, and HTGR plants are shown in

Table 2.5. This *table was developed

for aqueous acidic waste from first-

cycle solvent extraction where in

general, the addition of chemicals

that could be troublesome in subsequ-

ent solidification processes is mini-

mized.(2'8) Troublesome chemicals

include those that result in volatil-

ization, corrosion, segregation, crea-

tion of nondurable solid forms, or

phase separation during solidifica-

tion. In addition to first-cycle

additives, troublesome chemicals can

also result from the combination of

other reprocessing plant waste with

the first-cycle waste.

The concentrations for the aqueous

first-cycle waste from LWR fuels are

based on a chop-leach head-end meth-

od, followed by solvent extraction

of irradiated fuels initially enrich-

ed with U-235. The zirconium-clad



2.10 BNWL-1900

TABLE 2.5. Typical Materials in High-Level
Liquid Waste(2,8)

Reprocessing

laterial(h)

Grams/MT from Reactor Tvne
(a)

LWR(c) HT0R(d) LMFBR(e)

Chemicals Hydrogen 400 3,800 1,300
Iron 1,100 1,500 26,200
Nickel 100 400 3,300
Chromium 200 300 6,900
Silicon 200
Lithium 200
Boron 1,000
Molybdenum 40
Aluminum 6,400
Copper 40
Borate 98,000
Nitrate 65,800 435,000 244,000
Phosphate 900
Sulfate 1,100
Fluoride 1,900

Sub-total 63,500 452,000 380,000

Fuel Product
Lossestf,g) Uranium 4,800 250 4,300

Thorium 4,200
Plutonium 40 1,000 500

Sub-total 4,840 5,450 4,800

Transuranic
Elements(9) Neptunium 480 1,400 260

Americium 140 30 1,250
Curium 40 ' 10 50

Sub-total 660 1,440 1,560

Other Actinides(9) <0.001 20 <0.001

Total Fission Products(h) 28,800 79,400 33,000

TOTAL 103,000 538,000 419,000

a. Water content is not shown; all quantities are rounded.
b. Most constituents are present in soluble, ionic form.
c. U-235 enriched PWR, using 378 liters of aqueous waste per metric ton, 33000

MWd/MT exposure. (Integrated reactor power is expressed in megawatt-days
[Mwd] per unit of fuel in metric tons [MT].)

d. Combined waste from separate reprocessing of "fresh" fuel and fertile particles,
using 3,785 liters of aqueous waste per metric ton, 94,200 MWd/MT exposure.

e. Mixed core and blanket, with boron as soluble poison, 10% of cladding dissolved,
1,249 liters per metric ton, 37,100 MVId/MT average exposure.

f. 0.5% product loss to waste.
g. At time of reprocessing.
h. Volatile fission products (tritium, noble qases, iodine and bromine) excluded.
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irradiated fuels are chopped into

small sections that drop into a dis-

solver for dissolution by nitric acid.

Only irradiated fuel constituents are

dissolved, leaving a residue of

leached and chopped metallic hulls.

The resulting high-level waste is

salt-free except for a small amount

of corrosion products, waste fuel

constituents, and product losses.

Reprocessing techniques for LMFBR

fuels should be similar to those for

LWR fuels. The waste constituents

shown in Table 2.4 are based on sol-

vent extraction reprocessing of a

mixture of core (fuel) and blanket

(fertile) materials and on the assump-

tions that 10 percent of the stain-

less steel cladding could dissolve

during leaching and that boron is

used as soluble poison for criti-

cality control.

The waste constituents for HTGR

plants shown in Table 2.4 are based

on a combination of two of the three

fission-product-contaminated waste

streams that result from a reprocess-

ing scheme currently under develop-

ment.
(2)
 In the proposed reprocess-

ing scheme, irradiated "fuel" blocks

are first crushed. The crushed

graphite is then burned in a fluid-

ized bed to expose the fertile and

fissile particles, which are then

separated by size difference. One.

fission-product-contaminated stream,

solid "Uranium-235 Recycled Makeup"

fuel particles, is depleted in fis-

a.

sile material to the extent that it

is considered waste and will not be

processed further. The remaining two

streams, i.e., those that are com-

bined, result from the separate first

cycle solvent extraction of feeds

obtained from the dissolution of

"Uranium-235 Fresh Makeup" (nonre-

cycle) fuel and fertile particles.

The "fresh" fissile particles are

reprocessed to recover fuel for re-

cycle while the contaminated fertile

particles are processed to recover

Uranium-233 and thorium. Recycle of

both Uranium-233 and the partially

burned Uranium-235 particles is as-

sumed to begin in the third reload

for each reactor.

2.4.2 Solidification of Liquid Waste 

One of the major steps in'many po-

tential schemes for the management of

aqueous first-cycle waste will be con-

version to a solid prior to storage

and transportation. An existing regu-

lation requires that in the future

this waste must be converted to a dry

solid(a) and placed in a sealed con-

tainer within 5 years after reprocess-

ing.(1) The encapsulated solid is

then to be transferred to a Federal

repository within 10 years after re-

processing. The shipping cask is to

meet the requirements of 10 CFR Part
(14)

71. Four solidification pro-

cesses have been developed in the

United States to the point of radio-

active demonstration on an engineer-

ing scale: spray solidification,

The dry solid is to be "chemically, thermally and radiolytically stable
to the extent that the equilibrium pressure in the sealed container will
not exceed the safe operating pressure for that container during the
period of canning through a minimum of 90 days after receipt. . .at the
Federal repository."



2.12 BNWL-1900

fluidized bed calcination, pot cal-

cination and melting, and phosphate

glass solidification.
(9
'
10)

In all

four processes, heat is applied to

drive off volatile constituents,

primarily water and nitrates, result-

ing in either calcined solids or a

melt that will cool to a monolithic

solid. The latter generally requires

the addition of about 70 mole per-

cent of inert solids to incorporate

the fission products into materials

that are fusible at reasonably low

temperatures (less than about

1200°C). 
(11)

Typical characteristics of the final

solid waste forms from the four pro-

cesses are shown in Table 2.6. The

processes are described briefly
(

below.
9,10)

• Spray Solidification. Atomized

droplets fall through a heated cham-

ber where flash evaporation results

in oxide particles. Glass-making

solid frit or phosphoric acid can be

added to provide for melting and

glass formation in an intermediate

melter below the calciner or directly

in the vessel that will serve as the

waste canister. The molten glass or

ceramic is cooled and solidified.

• Fluidized Bed Calcination. Liquid

waste is atomized into a heated flu-

idized bed where the waste oxides are

deposited on the inert granular bed

particles. The resulting granular

particles of waste calcine may be the

final waste form or may be incorpor-

ated into crystalline or glassy matri-

ices in a mPlting stage.

TABLE 2.6. Characteristics
(9,11)

Spray Phosphate

of Solidified

Phosphate

High-Level

Borosiljcate Fluidized

Waste

Pot Calcine Ceramic Glass Glassta) Bed Calcine

Form Scale Monolithic Monolithic Monolithic Granular

Description Calcine Ceramic Glass Glass Calcine, Mean
Cake, Friable Hard, Tough Hard, Brittle Hard, Brittle Particle Diam.

100u to 500u

Bulk Density
g/m1

1.2 to 1.4 2.7 to 3.3 2.7 to 3.0 3.0 to 3.5 1.0 to 1.7

Wt% Fission Pro-
duct Oxides (Max.) 90 30 25 50 50

Thermal Conduc-
tivity,W/(m2)
(°C/m) 0.3 to 0.4 1.0 to 1.4 0.8 to 1.2 1.0 to 1.4 0.2 to 0.4

Leachability in
Cold water,
g/cm2-Day 1.0 to 10

-1
10
-3 to 10

-5 10
-4 

to 10-6(3) 10- 5 to 10-7 1.0 to 10-1

a. Produced by either spray or fluidized bed calcining followed by melting, or by
in-canister vitrification processing.

b. Devitrified phosphate glass exhibits increased leachability (leach
rates = 10-2 to 10-3 g/cm2-day).
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• Pot Calcination. Liquid is con-

tinuously added to and boiled away in

a processing vessel which also serves

as the storage canister. When the

canister is full of solids, the addi-

tion of aqueous waste is stopped and

the temperature of the solid is

raised and held at about 900°C to com-

plete denitration and dehydration.

Feed additives can be used to result

in a glass rather than a calcine cake.

• Phosphate Glass Solidification.

Liquid waste and phosphoric acid are

mixed and concentrated to a thick

slurry in an evaporator. The slurry

is routed to a melter where dehydra-

tion and denitration are completed

and the material is melted. The mol-

ten phosphate glass is then dropped

into the canister where it cools and

solidifies.

2.5 HIGH-LEVEL WASTE CHARACTERISTICS 

Estimates of total quantities, ra-

dioactivity, and thermal power of the

waste that will be accumulated

through the year 2000 are reprinted

in Table 2.7.(2) The waste volume

accumulated through the year 2000 is

based on a reprocessing load of

181,100 metric tons of irradiated

fuel, about 70 percent of which is

associated with LWR plants. This re-

processing load includes "some fuel

with relatively low exposure as well

as UO
2 

- Pu0
2 

and UO
2 

- Th0
2 

scrap

that is recycled from fabrication

plants..(2) Radiation properties are

based on 167,600 "equivalent" metric

tors, for which

all of the fuel

state and total

it is assumed that

has the rated steady-

integrated exposure.

Reprocessing (product) losses are as-

sumed to be 0.5%.

Additional informaticn concerning

radiation oroperties (radioactivity,

thermal cower, and toxicity indices)

for the waste accumulated through the

year 2000 and for decay times up to

109 years is summarized in Tables 2.8

and 2.9.
(12) 

Toxicity indices are

the base 10 logarithms for the quan-

tity in cubic meters of air, for the

inhalation hazard index, or of water,

for the ingestion hazard index, re-

quired to dilute the radioactive ma-

terial to the permissible concentra-

tions shown in Appendix 2.6. These

simplified indices provide an over-

view of the toxicity of wastes based

solely on dilution with no allowance

for reconcentration or retardation in

the environment. Using these bases,

fission products (primarily strontium)

and transplutonium elements (primar-

ily americium) are

tential hazards in

to about 350 years

the controlling po-

drinking water up

and 2 X 104 years,

respectively. Radioactivity from plu-

tonium losses during reprocessing

then becomes controlling until about

2 X 10
6 

years. Finally, fission pro-

duct 1-129 becomes the controlling

factor until about 6 X 10
7 

years when

it is supplanted by radioactivity re-

maining as the result of uranium

losses

The

erties

during reprocessing.

composition and radiation prop-

of fuel-reprocessing waste are

given in detail in Appendices 2.0

through 2.G for individual fission

product and actiride nuclides for

each of the reactor types previously

described. These appendices are re-

productions of part of the extensive

output of the ORIGEN code, a versa-

tile code that solves the equations

of radiation growth and decay for
(13)

large numbers of isotopes.



TABLE 2.7. Characteristics of Solidified High-Level Waste Accumulated to Year 2000
(2)

 Accumulated Quantities
Weight of-Ti.Titopes Volume ---Volume

RadioactivityFcMC9 Thermal Power (MW) (Metric Tons)  of of
Fiscal , Fission , Fission  3Waste Waste (
Year Actinides(a) Productsri  Actinides(ai Products Actinides(al Products(b) (10 liters)(c) 1)03 ft3)'c'

1972 0.72 153 0.0251 0.712 0.325 2.06
1973 1.36 302 0.0466 1.41 0.801 5.10
1974 3.89 850 0.133 3.95 2.26 14.4
1975 7.88 1,730 0.268 8.05 4.98 31.7
1976 13.5 2,990 0.458 13.8 9.32 59.3
1977 20.8 4,600 0.698 21.2 15.5 98.9
1978 29.7 6,530 0.990 30.0 23.8 152
1979 39.5 8,650 1.31 39.5 34.1 217

1980 79.3 11,000 2.68 49.9 47.0 296
1981 154 14,400 5.26 65.0 64.6 400
1982 266 18,100 9.14 81.7 86.5 525
1983 403 21,900 13.8 98.4 112 670
1984 571 25,200 19.6 113 141 826
1985 779 29,000 26.7 129 174 1,000
1986 929 33,000 31.7 146 210 1,200
1987 1,060 37,200 3,519 163 248 1,420
1988 1,140 42,200 38.6 184 291 1,670
1989 1,200 47,600 40.4 207 338 1,950

1990 1,220 53,300 40.6 230 398 2,250
1991 1,190 58,800 39.3 252 440 2,590
1992
1993

1,210
1,240

65,500
71,700

39.4
39.9

280
304

498
560

2,960
3,350

1994 1,280 78,600 40.7 330 625 3
1995 1,330 86,500 41.9 360 696 4,220
1996 1,390 94,600 43.1 391 770 4,710
1997 1,460 105,000 45.0 430 852 5,240
1998 1,550 116,000 47.1 470 938 5,810
1999 1,650 128,000 49.6 517 1,030 6,430

2000 1,770 143,000 52.8 575 1,130(d) 7,120
a. It is assumed that 0.5% of the U and Pu in LWR and LMFBR fuels, 0.5% of the U and

Th in the HTGR fuel, and 100% of the other actinides in the fuels report to waste.
b. The weight of the fission products includes that of the noble gases.
c. Based on 56.6, 169.9, and 85.0 liter (2, 6, and 3.ft3) per metric ton of heavy metal

for LWR, HTGR, and LMFBR fuels, respectively.
d. Includes 839 MT of U, 71.2 MT of Th, and 52 MT of Pu.
e. Waste volumes based on reprocessing of 181,126 MT of fuel including 119,941 MT of

enriched uranium fuel, 8130 MT of Pu recycle fuel, 22,297 MT of HTGR fuel, 4,606 MT
of AI-LMFBR fuel and 26,152 MT of GE-LMFBR fuel.

f. Additional bases given in Table 2.8.

8 0.3
16 0.6
41 1.4
120 3
145 5.1
220 7.8
319 11.3
443 15.7

595 21.
791 28
1022 36.1
1287 45.5
1570 55.4
1897 61
2266 80 r.:
2675 94.5
3143 111 4.
3610 130

4254 150
4877 172
5568
6  

197
223

7103 251
282
315gf:

9954 352
11073 391
12296 434

13656 482



TABLE 2.8. Accumulated Reactor Plant Waste to Year 2000,
Radioactivity, and ihermal Power

(Based on reprocessing of 167,602 MT irradiated fuel at rated exposure including 117,873 MT of
enriched uranium fuel, 7,241 MT of Pu recycle fuel, 16,966 MT of HTGR fuel, 4,319 MT of AI-LMFBR
fuel and 21,203 MT of GE-LMFBR fuel; fuel reprocessed after 150 days for LWR, after 90 days for
LMFBR, and after 1 year for HTGR reactors; fuel segregated into fractions at year 2000; 0.5% fuel
loss to waste. Radioactivity and thermal power of wastes from individual reactor types are
presented in Appendices 2.C-2.G.

THERMAL PoVER

WATTS FoR WASTE THRoUGH YEAR 2000

TI14E,YEARS 0 1 10 100 500 1000 1.00E+04 1.00E+05 1.00E+06 1.00E+07 I 00E+013 1.00E+09
AFTER YR 2000

STR UNTI UM 9.52E+07 9.13E+07 7.31E+07 7.94E+06 4,13E+02 i „A2E-03 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00
CESIUM 1.77E+08 1.53E+08 8.11E+07 9.81E+06 1.00E+03 4.11E+01 4.10E+01 4.02E+01 3.26E+01 4.09E+00 3.88E-09 .00E+00
SFI+CS 2.73E+08 2.44E+08 1.54E+08 1.78E+07 1.41E03 4.11E01 4.10E+01 4.02E+01 3.26E+01 4.09E+00 3.88E-09 .00E+00
FP-SR-CS 2.96E+08 1.32E+08 7.00E+06 3.40E+05 1.23E+04 2.33E03 2.07E+03 1.52E+03 1.12E+02 4.72E+00 8.97E-02 1.13E-17
K1385+1129 2.79E+06 2.62E+06 1.47E+06 4.63E+03 5.24E+00 5.24E+00 5,24E+00 5.22E+00 5.03E+00 3.49E+00 8.96E-02 1.13E-17
nopoi PROD. 5.68E+08 3.76E+08 1.61E+08 1.81E+07 1.37E+04 2.37E+03 2.11E+03 1.56E+03 1.45E+02 8.80E+00 8,97E-02 1.13E-17

TH WAsTE 1.01E+04 1.01E+04 1.00E+04 9.36E+03 8.88E+03 8.86E+03 8.59E+03 6.37E+03 5.62E+02 1.95E+02 7.73E+01 5.76E+01
PU FUEL WASTE 1.19E+07 1.18E+07 1.12E+07 6.18E+06 1.23E+06 9.00E+05 3.62E+05 2.54E+04 4.18E+03 1.63E+03 1.24E+02 2.52E+00
TRANS PU 4.16E+07 3.31E+07 2.28E+07 3.04E+06 1.41E+06 8.13E+05 1.87E+05 2.09E+04 1.10E+04 6.20E+02 1.61E+01 6.30E+00

ToTAL WASTE 6.22E+08 4.20E+08 1.95E+08 2.73E+07 2.66E+06 1.72E+06 5.60E+05 5.42E+04 1.59E+04 2.45E+03 2.18E+02 6.64E+01

RA DI +ACTT VI Ty

CURIES FoR ToTAL WASTE THRoUGH YEAR 2000
(PARENTS AND DAUGHTERS IN CHAINS ARE I NCLIMED IN ToTALS)

TIME,YEARS 10 100 500 1000 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1,00E+09
AFTER YR 2000

STRONTIUM 2.64E+10 2.53E+10 2.03E+10 2.21 Ei17 1.15E+05 5,06E-01 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00
CESIUM 4.46E+10 406E+10 2.98E+10 3.70E+09 4.46E+05 8.46E+04 8.44E+04 8.27E+04 6.72 E+04 8.41E+03 7.98E-06 .00E+00
SR+CS 700E+10 6.70E+10 5.01E+10 5.90E+09 5.60E+05 8.46E+04 8.44E+04 8.27E+04 6.72E+04 8.41E+03 7.98E-06 „00E+00
FT,-SR-cS 7.11E+10 3.46E+10 2.44E+09 1.57E+08 9.32E+06 3.59E+06 .3.38E+06 2.55E+06 3.80E+05 1.76E+04 1.37E+02 1.71E-14
KR85+1129 1.72E+09 1.61E+09 9.04E+08 2.85E+06 7.96E+03 7.96E+03 7.96E+03 7.95E+03 7.64E+03 5.30E+03 1.36E+02 1.71E-14
FissIou PROD, 1.42E+11 1.02E+11 5.25E+10 6.06E+09 9.88E+06 3.67E+06 3. A6E+06 2.63E+06 4.47E+05 2.60E+04 1.37E+0? 1.71E-14

11+ TH WASTE 7.58E+05 7.65E+05 7.58E+05 5.77E+05 4.47E+05 4.43E+05 4.30E+05 3.22E+05 2.89E+04 9.10E+03 4.75E+03 3.73E+03
PU FUEL VASTF 5.69E+08 5,57E+08 4.63E+08 1.73E+08 1.93E+07 8.52E+06 3.33E+06 1.34E+06 1.19E+05 1.81E+03 4.12E+02 .53E+02
TRANS PU 1.25E+09 1.02E+09 7,30 &Ws 1.54E+08 7.44E+07 3.87E+07 GOO E+06 1.13E+06 6.92E+05 3.86E+04 9.55E+02 3.83E+02

TOTAL WASTE 1.44E+11 1.03E+11 5.37E+10 6.39E+09 1.04E+08 5.13E+07 1.32E+07 5.41E+06 1.29E+06 7.556+04 6.25E+03 4.27E+03

rs

00
61
.-

 1
M
N
S
 



TABLE 2.9. Toxicity Indices of Accumulated Plant Waste
to Year 2000

(Based on reprocessiny of 167,602 MT irradiated fuel at rated exposure including 117,873 MT of
enriched uranium fuel, 7,241 MT of Pu recycle fuel, 16,966 MT of HTGR fuel, 4,319 MT of AI-LMFBR
fuel and 21,203 MT of GE-LMFBR fuel; fuel reprocessed after 150 days for LWR, after 90 days for
LMFBR, and after 1 year for HTGR reactors; fuel segregated into fractions at year 2000; 0.5% fuel
loss to waste.) Toxicity indices of waste from individual reactor types are presented in
Appendices 2.C-2.G.

INGESTION TOXICITY THE INGESTIoN ToX1CITY INDEX Is THE BASE 10 LoGARITHM oF THE
CUBIC METERS OF WATER TO DILUTE To RCG

TIME,YEARS 0 1 10 100 500 1000 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09
AFTER YR 2000

STRONTIUM 16.64 16.63 16.53 15.57 11.28 5.93
CESI UM 15.24 15.18 14.88 13.97 9.99 8.53 8.93 8.92 8.83 7.92 -1.10
SR+ CS 16.66 16.64 16.54 15.58 11.30 8.53 8.93 8.92 8.83 7.92 -1.10
FP-SR-CS 15.45 15.11 13.50 12.01 11.21 11.17 11.17 11.16 11.11 10.95 9.36 -6.54
FR85+I129 11.12 11.12 11.12 11.12 11.12 11.12 11.12 11.12 11.11 10.95 9.36 -6.54
FISSION PROD, 16.68 16.65 16.54 15.58 11.56 11.18 11.17 11.16 11.11 10.95 9.36 -6.54

LWTH FUEL WASTE 11.92 11.92 11.92 11.92 11.92 11.52 11.91 11.80 10.77 10.04 10.03 9.97 (V
PU FUEL WASTE 13.84 13.83 13.81 13.55 12.91 12.80 12.73 12.60 11.50 8.40 7.96 7.57
TRAMS PU 14.19 14.15 14.01 13.32 13.02 12.77 12.13 11.34 11.09 9.83 8.35 7.96 __.

CT
ToTAL WASTE 16.68 16.66 16.54 15.58 13.30 13.12 12.89 12.69 11.80 11.03 10.12 9.98

  TOXICITY INDEX IS LESS THAN -10
MI IS RADIONUCLIDE CONCENTRATION GUIDE BASED UPON 10 CFR 20

INIIALATION ToXICITY THE INHALATION TOXICITY INDEX IS THE BASE 10 LOGARITHM OF THE
CUBIC METERS OF AIR TO DILUTE To RCG

TIME,YEARS 0 1 10 100 500 1000 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09
AFTER YR 2000

STRONTIUM 20.64 20.63 20.53 19.57 15.28 9.93
CESIUM 15.75 19.70 19.48 18.57 14.59 13.45 13.45 13.44 13.35 12.45 3.42
SlIf-CS 20.69 20.67 20.57 19.61 15.36 13.45 13.45 13.44 13.55 12.45 3.42
FP-SR-CS 20.17 19.86 16.76 17.25 15.70 15.54 15.31 15.22 14.75 14.43 12.83 -3.07
KR8S+1129 15.79 15.76 15.53 14.61 14.60 14.60 14.60 14.60 14.58 14.42 12.83 -3.07
FISSION PRoD, 20.81 20.74 20.57 19.61 15.87 15.34 15.32 15.23 14.77 14.43 12.83 -3.07

11+TH FUEL WASTE 17.79 17.79 17.79 17.73 17.68 17.68 17.67 17.54 16.59 15.73 15.62 15.51 oo
PU FUEL WASTE 21.69 21.69 21.66 21.36 20.25 19.64 19.47 18.35 17.16 15.37 15.03 14.65
TRANS PU 21.52 21.50 21.37 20.67 20.38 20.17 19.72 18.87 18.49 17.22 15.43 15.05 2=

I--
TOTAL WASTE 21.95 21.93 21.86 21.44 20.62 20.54 19.92 19.00 18.51 17.24 15.90 15.68 1

  TOXICITY INDEX IS LESS THAN -10 UD
RCG IS RADIONUCLIDE CONCENTRATION GUIDE BASED UPON 10 CFR 20 CD

CD
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3.0 EVALUATION METHODOLOGY 

Background 

The management of high-level waste

is a complex problem. Man's decision

in this matter can impact not only

the environment of his own generation

but also that of thousands of genera-

tions in the future. A number of

concepts have been proposed for dis-

posal and control of this waste.

These vary from relatively simple

processes such as pouring the waste

into a hole in the ground to very

advanced techniques such as rocket-

ing the waste out of the solar

system.

The detailed analyses of even the

simplest sounding of concepts are fre-

quently as complex as those for the

more advanced systems, particularly

in the conceptual stage. Before an

evaluation can be made, a descrip-

tion of the concept is required which

includes, in many cases, a descrip-

tion of a generic site. Some of the

concepts may present the potential

capability to handle a broad range

of waste as generated, whereas other

concepts require special treatment

or handling such as a waste solidifi-

cation step, special waste partition-

ing, or extended interim storage.

With the large number of disposal

concepts to be considered, each re-

quiring a substantial research and

development effort, some order of

priority must be established so that

those concepts with the greatest po-

tential for solving the problem can be

addressed first. To establish the

methodology for such an overall evalu-

ation, the following elements have

been considered.

• Technical Feasibility

• Safety

• Research and Development Require-

ments

• Timing

• Costs

• Policy

• Environmental Considerations

• Public Attitudes

With the outcome of each of these

elements being described in com-

pletely different units, obviously,

simply adding up the performance

level by element would not lead to

the best concept selection. Instead,

the technique being developed is one

of overcoming the performance hurdles

of those listed. For instance, the

technical feasibility hurdle (the

hurdle examined first) would be of

the "yes-no" type, where "yes" is

required before analysis of other

requirements would be undertaken.

In this study, the only hurdle used

for rejection of potential concepts

is that of technical feasibility.

(Only a few concepts were rejected;

i.e., some transmutation and space

disposal variations.) Information

on the other factors was developed

for the technically feasible con-

cepts and is presented in this re-

port, but has not been used for any

ranking of concepts. The ordering

of the performance hurdles has not

been developed in this study.
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Figure 3.1 graphically illustrates

the relationship between elements for

this study.

The waste management concepts are

first developed to the detail needed

to describe them for overall evalu-

ations, and in general were studied

on a systematic, generic basis. Con-

cepts were generally developed on the

reference basis cf having the capa-

bility to handle the waste from a

plant which reDrocesses 5 metric tons/

day (182E MT/yr) of spent nuclear

fuel. This reference capacity need

was then scaled up as a function of

time to accommodate the total need

for the U.S. nuclear economy through

the year 2000.

Once the technical feasibility of

a concept was established, the tech-

nology needs were assessed, and re-

search and development needs (scope,

time, and dollars) were estimated.

Althouqh not done in this study,

PROBLEM
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TECHNICAL
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CONCEPT
REJECTION

final

whose

would
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analyses could reject concepts

research and development budget

represent a significant frac-

tion of the potential benefits in

nuclear power, or whose research and

development time requirements may be

excessive. From the research and

development time needs, the total

time for implementation of each con-

cept on a routine basis was estimated.

An overview was performed of

system safety for each concept. A

sample auantitative safety analysis

was performed for one generic type

of geologic disposal concept to de-

velop and test the safety analysis

methodology. For total safety analy-

sis, detailed and quantitative

studies would be needed. The abso-

lute risk of a selected alternative

must be acceptably low. An

of system cost was made for

cept. In a final analysis,

analysis

each con-

a pri-

ority order for research. would be

SAFETY

ENVIRONMENTAL
CONSIDERATIONS

0.0000000.4. R&D NEEDS IMI NG

*******%%•*, CAPITAL AND
OPERATING COSTS

POLICY
CONFLICTS

PUBLIC ATTITUDES
AND

PERCEIVED SAFETY

FIGURE 3.1. Relationships Among Evaluation Factors



established for those systems with

lowest cost which meet the safety

and other requirements. In the con-

text of these studies, such costs

were only important if they would

result in major changes in the nu-

clear fuel cycle and hence alter the

nuclear waste management system.

As is discussed in the cost analy-

sis (Section 3.2), societal costs

(such as occupational disability pay-

ments) have not been included.

Eventually these costs should be

calculated for the entire nuclear

fuel cycle and ail other energy

alternatives.

Implementation of some of the

concepts being considered would con-

flict with present policies--such as

disposai of radioactive materials in

the ocean. This.policy and similar

policies which are either parts of

the Federal Code of Regulations or

international agreements are identi-

fied so that the probiems involved

with changing such policies can be

balanced against the safety and

economic potentials of a particular

waste management concept. The envi-

ronmental considerations, aside from

the potential release of radioactive

materials, are not expected to con-

trol concept selection but will be

important factors in detailed site

selection. General considerations

such as land area or water used are

listed for evaluation.

The final area for evaluation is

the public attitude toward a given

waste management scheme. Obviously,

this is a complicated subject and

most difficult to evaluate. An ini-

tial study of methodology was de-

signed to identify those aspects of
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the waste management program that

might be deemed most important by the

general public. With future analysis-

in-depth, the information on public 110'

attitudes could be factored into con-

cept design. Eventually

formation programs could

same data. In the final

public in-

utilize the

analysis,

the public's acceptance of a techni-

cally sound waste management system

is an important goal.

The objective of this study is to

develop information on and methodol-

ogy to evaluate technical feasibility,

research and development requirements,

timing, safety, and costs of various

waste disposal alternatives. Each of

these items is addressed in more de-

tail in the iatter sections of this

report. The specific contributions

to the overall evaluation are the

following.

Technical Feasibility 

Each alternative for waste manage-

ment is analyzed on the basis of its

technical feasibility and the current

status of technology. This analysis

is based on four primary considera-

tions. The first level of assessment

considers the feasibility of the

method's confining or eliminating the

waste over the required time period

in light of presently available data.

The second assessment considers the

feasibility of implementing the

method with today's technology. The

third assessment considers the theo-

retical potential of implementing the

disposal method with technology which

is believed to be capable of develop-

ment. The fourth considers the energy

balance involved in the process (i.e.,

any system which requires more energy

to dispose of the fission products
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than was generated in the original

fission event is clearly eliminated).

This factor as well as the next two

are discussed in detail under each

concept, but not in this section.

Research and Development Reouirements 

The major deficiencies in tech-

nology or problem areas identified

under Technical Feasibility which

must be solved by research and devel-

opment are analyzed. The scope of

the research and development needs is

developed and estimates are made of

the time period and the research and

development exrienditure needs.

Timing 

The purpose of this element is the

identificaticn of the earliest reason-

able date when a given alternative

could be in operation. This estimate•

cannot be exact: therefore, a time

range is typically given.

Costs 

The levelized capital and oper-

ating costs of the waste management

alternatives are estimated and summed.

The costs of any waste partitioning

or other processing requirements,

shioping, and interim

ments are included in

agement system cost.

storage require-

the waste man-

For this pur-

pose, an existing computer model has

been modified which will calculate

the cost of each of the concepts.

Policy Conflicts 

Potential conflicts with existing

international or national policies

are listed. Any aspect of a waste

management option which is in con-

flict with existing policy was not

considered a constraint in the

development of waste management con-

cepts. Only after the incentives to

change policy are established can

change be considered.

Tne remaining elements for over-

all evaluation are dealt with in a

manner which is less result-oriented,

but rather with the emphasis placed

primarily on methodology to be ap-

plied for more detailed concept

evaluations and comparisons at a

later time. A summary of the objec-

tives and technical approach for each

of the remaining evaluation elements

follows.

Safety 

Features of each concept which

relate to its safe use are identified

and cursorily assessed. A committee

of national experts of safety analy-

sis and public attitudes was convened

to review study methodology. This

committee advised on the techniques

to be used, the data sources, and the

data to be developed to allow the

calculation of the risk to the popu-

lace of each alternative. A summary

of the committee meetings and its

recommendations are presented in Ap-

pendix A. The methodology developed

is that of calculating on a probabil-

istic basis the risk in terms of ra-

diation dose to man using analyses

of failure modes and pathways of

radionuclides into and throuqh man's

environment to man.

Environmental Considerations 

The unusual nonradiological ef-

fects of each concept on the environ-

ment is assessed briefly. Data are

developed on such effects as land use,

water use, and effects on biota.

These data are assembled in a summary

format similar to the one used for

the environmental statements for
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nuclear reactors. The impact of

radionuclide releases is covered

under the safety element.

Public Attitudes 

The safety-public attitude com-

mittee described above included

experts in social psychology. These

experts identified elements of the

concepts which it believed would be

of major concern to the public. A

preliminary in-house test survey was

conducted using a video tape describ-

ing the waste management options to

test the methodology.

3.1 SAFETY 

The management of nuclear wastes

requires isolation and/or containment

until the waste, through radioactive

decay, becomes stable and less hazard-

ous. The time required for this pro-

cess ranges from thousands to perhaps

millions of years. Thus, the safety

of waste management concepts must be

evaluated in a geological time frame.

GENERIC SITE
CHARACTERISTICS

CONCEPT •••4114

FAILURE
MODE

ANALYSIS

—a

WASTE
CHARACTERISTICS

TRANSPORT
MECHANISM

TO
ENVIRONMENT

,... PROBABILITY
OF RELEASE

Structures have been constructed by

man which have lasted thousands of

years but never hundreds of thousands.

The probability of climate change,

change in the flow of rivers, and even

meteorite impact must be considered.

Evaluation of the methods for

maintaining isolation from the world

population for such a period of time

can be best handled on a probabilis-

tic basis. The potential failure of

a waste management system is measured

in terms of the potential release of

radioactive material to the human

environment. Such releases could

ultimately result in radiation expo-

sure to the then existing population.

Figure 3.2 illustrates the inter-

relationship between the waste dis-

posal concept, the failure mode and

probability and the potential dose

to people in the immediate

release if failure occurs.

definition of each concept

generic site, for example,

PATHWAY
TO
MAN

DOSE
TO
MAN

CONCEPT MODI RCATI ON Ir4-

RISK
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region of

The

implies a

ice sheet

1 
- -,
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I

FIGURE 3.2. Interrelationships Among Pathway,
Probability and Risk



disposal, ard defines the location,

surrounding geology, and population

density. The characteristics of the

waste must be defined to allow quanti-

fication of system failures. The

next step required in the evaluation

process is the preparation of a com-

plete fault tree analysis which will

have two outcomes--one to describe

the most likely sequence of failure

events leading to release of radio-

active materials to man's environment,

and the second to provide the proba-

bility of these sequences taking

place. The next step

most likely sequences

physical and chemical

quired to release the

follows the

through the

processes re-

waste constitu-

ents into man's environment. The

generic site defines the media (salt,

shale, granite, air, water, etc.)

tnrough which radionuclides must move.

Finally, based on the population as

indicated by the generic site and the

calculated release rate, the dose to

the surrounding population can be

estimated. By multiplying the proba-

bility of the event taking place

times the cost if it takes place, the

probabilistic risk to man can be de-

termined. By comparing each of these

doses with safety criteria (not de-

veloped in this study), it can be de-

termined whether or not the risk to

man exceeds acceptable criteria. If

the risk level is unacceptably high,

the concept could be rejected or

changes could be made in the concept

to improve the level of risk. If the

risk for a concept meets all criteria,

the concept would be considered to

have met the safety requirements. Of

course, concepts in which the risk is
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substantially lower than the measure-

ment criteria would be rated as most

favorable.

Develooment of suitable safety

criteria are most important in a

final evaluation of waste management

practices. Development of such

criteria were beyond the scope of

this study, but the following three

basic criteria for safety evaluation

are proposed as representative of

major safety criteria:

(1) On a probabilistic basis, the

risk to the world population should

represent only a minor increase in

the

the

For

total risk presently assumed by

operation of nuclear power plants.

example, if an annual integrated

dose of 50 man-rem exposure from

chronic release is experienced from

the average power plant, the dose

contribution from probabilistic re-

leases from the annual waste produc-

tion of the plant should preferably

be no more than a fraction of the

chronic release from the plant.

(2) The risk to man may exist

substantially longer than the use of

fission reactors as a power source.

Thus, a comparison with other invol-

untary risks with small or zero bene-

fit is also required. For example,

being struck by lightning or being

hit by a falling aircraft are involun-

tary risks with little benefit to

those exposed to the risk. Such

risks result in about one death per

million population per year. Com-

parison of risk from waste management

would require conversion of radiation

dose to deaths to establish a crite-

rion. Several such conversions have

been postulated but remain

controversial.
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(3) A third criterion would deal

with the immediate effects near the

point of release. It would require

that the dose to population in the

immediate area not present the popu-

lation any serious immediate risks.

This may allow, however, that some

protective reaction from a release

of waste constituents be implemented;

for example the population in the

affected area might be evacuated or

restricted, or the water supplies

may be relocated, etc. It is assumed

that evacuation may be required if

the exposure received by the Popu-

lation exceeded some maximum indi-

vidual dose rate which could not be

decreased through curtailed operation.

The basic problem with this ana-

lytical technique is that the values

used to describe probabilities of

fault tree events, the actual rates

of movement through the media to

release, and even the population

distribution around the release from

a plant 10,000 years in the future

are obviously in question. Proba-

bility distributions are attempted

for assignment to some of the numbers

used in this analysis. It is be-

lieved that this numerical evaluation

will result in the probability of

release being unacceptably high for

a small fraction of the conditions.

However, the quantitative analysis

will determine the information needed

to better refine our knowledge of the

safety.

The next two sections of this

report describe methodology develop-

ment for failure mode analysis (fault

tree) and population dose calculations

with sample application to one of the

many waste management options.

3.1.1 Failure Mode Analysis 

Assessment of the safety of each

waste disposal concept requires a

knowledge of the potential for re-

lease of waste constituents to man's

environment and mechanisms of release

probabilities and pathways through

the environment which can result in

radiological exposure to man. Fail-

ure mode analysis discussed in this

section is a tool for identifying the

release mechanisms and providing for

estimating the probabilities of their

occurrence. Section 3.1.3 discusses

the metnods for evaluating conse-

quences of these releases by evalu-

ating possible exposure pathways to

man.

Many techniques exist for identify-

ing mechanisms for release of radio-

nuclides and their associated proba-

bilities of occurrence. These range

from intuition to sophisticated ana-

lytical techniques. This section dis-

cusses the methods for identifying

release mechanisms and then determines

those techniques which have greatest

application to assessing the safety

of waste disposal concepts.

To be shown workable, an analyti-

cal method must be applied to some

actual cases. The following subsec-

tions explain the method used in this

study and then apply it to a hypo-

thetical geologic disposal concept.

The depth of the analysis is detailed

enough to show any potential limita-

tions of the method. At the same

time, the analysis is preliminary and

highly qualitative, and the results

should not be used to draw quantita-

tive conclusions. To fully determine

the relative risk to the environs of

a given disposal concept would require



more detailed study, including itera-

tion with concept design.

3.1,1.1 Gener.al Rationale for 

Failure Mode Analysis 

The development of even a prelimi-

nary

eral

step

failure analysis requires sev-

preparatory steps. The first

is to identify hazardous condi-
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tions inherent within a system and

determine the significance of any po-

tential accidents. This is frequently

called a Preliminary Hazards Analysis.

This analysis 1) identifies potential

safety problems and provides methods

to cope with them, 2) outlines unde-

fined areas requiring guidance or re-

view, and 3) describes technical risks

or problems in design. This informa-

.tior is generally summarized for each

generic waste disposal concept in

later sections of this report.

The information derived from this

safety analysis of potential hazards

can be used as a basis in more power-

ful tools for analysis which both

identify and quantify system failures

both in terms of effects and probabil-

ity of occurrence. The Failure Modes

and Effects Analysis,(1) the Decision

Tree,
(2)
 and the Top Level Fault

Tree(3) all fall in this class of

tools for analysis. In this section,

a preliminary Top Leve1 Fault Tree is

used for each generic class of con-

cepts to show the interaction of vari-

ous possible component failures re-

quired for a release to occur.

3.1.1.2 Fault Tree Analysis 

Methodology 

The fault tree analysis technique

was developed in the 1960's in the

aerospace industry to identify design

deficiencies before actual space

flight of the equipment. Basically

the procedure is to assume a failure

and work backwards to identify compo-

nent failures which could cause or

contribute to the failure. The ter-

minology and symbolism used to des-

cribe this progression back to a com-

ponent is shown in Table 3.1.

A fault tree should be related to

individual components for which fail-

ure data are available. For instance,

in an electronic circuit the basic

failure might occur in a resistor.

In practice, fault trees seldom are

developed to that degree. What occurs

instead is development of fault trees.

in terms of basic system modules.

Using the electronic example, one

would carry the possible failure back

through the fault tree only to the

amplifier which contained the resis-

tor. Such a fault tree is called a

Top Level Fault Tree since it usually

identifies only large systems which

could result in a failure.

The methodology used in fault tree

analysis applied to waste management

involves postul-ation of a release of

waste materials and then examination

of the series of component failures

which must have occurred to cause the

release. This form o -F inductive rea-

soning is thought to be much more in-

clusive than beginning with an initi-

ating event and working toward a

release, (i.e., constructing accident

scenarios). At the same time, quan-

tification of the release requires

specifications of an ordered sequence

of failures or accident scenarios.

In this analysis, a fault tree is
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Symbol 

III

Input

TABLE 3.1. Fault Tree Symbolism

output

inputs

output

inputs

Meaning and Use

'AND" lcgic gate. The simultaneous occurrence of inputs
is required to cause an ,,utout.

"OR" logic gate. The occurrence of any one of the inputs
will result in an output.

Fault event that results from the logical operation of
two or more fault events. It is always the output from a
logic gate.

Basic fault event. It requires no further development.
Data regarding frequency and mode of failure can be
derived empirically.

Inferred fault event. Any failure except a primary
failure which is not developed further due to lack of
information, time or money or due to the low probability
of occurrence. It can also be used where other analyses
give sufficient information to indicate that further
analysis would be redundant.

Inhibit gate. The condition specified in the oval is
required for an input fault event to result in an output
event. This condition is frequently a design limit which
will not transmit a failure until the design limits have
been exceeded.

Transfer symbol denoting that failure also impacts on
other branches of fault tree. A line at the apex of the
triangle represents a "transfer in." A line in the side
represents a "transfer out." A number is placed in the
triangle to identify transfer locations.

used as the basis for estimating the

total release probability from the

system of interest. Then the fault

tree is broken down into all the pos-

sible failure sequences which contri-

bute to the release. In effect, all

the accident scenarios will be ob-

tained from the fault tree. Since

the inductive processes, such as

fault tree analysis, in theory allow

for

ure

the

a more thorough analysis of fail-

probabilities, it follows that

accident scenarios obtained from

a fault tree should be more complete

than the alternative method of trying

to imagine all the accident scenarios.

Thus in this analysis the fault tree

will be

failure

will be

used to obtain a list of

sequences or scenarios and

the basis for estimating a

probability of release from each

failure sequence in the fault tree.

The probability must then be com-

bined with the consequences of a re-

lease to calculate the risk for a

particular failure sequence.

In

logic

oped.

this section, a generic geo-

disposal fault tree is devel-

The availability of informa-

tion to permit analysis of the fault

tree is assessed. The methodology is

described by developing one path

through the fault tree in detail.



3.1.1.3 Use of Fault Tree 

Analysis for Evaluating 

Waste Disposal Concepts

The application of the fault tree

analysis to evaluate the safety of

waste disposal concepts will be di-

vided into four sections. The first

section will present the generic

fault tree for the geologic disposal

concepts. This will be followed by a

section discussing the availability

of data for the basic failure events

in the fault tree. Then using these

preliminary data, one branch in the

tree will be analyzed to show how the

basic failure events must interact tc

result in a release of waste consti-

tuents. These three sections are re-

quired in any evaluation. The fourth

section will be an identification of
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basic failure events which have been

identified for other disposal con-

cepts such as seabed, ice, and extra-

terrestrial disposal.

3.1.1.4 Generalized Geologic 

Disposal Fault Tree 

The generalized geologic fault

tree is shown in Figures 3.3 through

3.10. Any continuation (transfer) of

failure modes which are not on the

figure being described have a figure

reference number below the triangle

to show where further development of

that branch can be found.

Figure 3.3 shows the top of the

fault tree. Any failure sequence

must pass through these top events.

On the left side of the tree are

found the segments which relate to

UNCONTROLLED RELEASE
TO MAN'S ENVIRONMENT
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OPERATIONAL AND
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FIGURE 3.3. Geologic Disposal Fault Tree



the waste moving to man's present en-

vironment. On the right, man's envi-

ronment expands and contacts the

waste. Three basic modes for waste

to move to man's present environment

are shown. The first, denoted by A3,

is initiated by a seal failure which

allows migration if forces exist to

move the waste. The second, A4, is

initiated by a failure of the

logic barriers separating the

from man's environment. Once

geo-

waste

again,
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forces must exist for the waste to

move through the ruptured barrier.

The final method envisioned for the

waste to be released is a physical re-

moval of natural or manmade barriers.

On the right hand side of the diagram,

the waste is contacted due to a

change in man's environment in only

two ways. The first is the case

where man's environment expands to

contact the waste. The other is a

combination of waste migration and

man's environment expanding to con-

tact the waste which has moved to a

new location.

In Figure 3.4 is shown the fault

tree sequence for the seal failure.

Below the top event on this page are

two failures which must occur simul-

taneously to result in a release.

The seal has to fail and active trans-

port mechanisms must exist to induce

flow through the failed shaft. The

first failure element is developed on

Figure 3.4 of the fault tree and the

second failure element is developed

on Figure 3.6.

Release by rupture of the shaft

seal requires two conditions to exist.

As shown on Figure 3.4, the shaft

seal must be ruptured and the rupture

must be either not detected or improp-

erly repaired. The other branch

in the shaft seal failure considers

the possibillty that the shaft was

never properly closed. Below these

failure events, the basic failure

events for which data should be ob-

tainable are shown. Figure 3.5 de-

velops the fault tree for geologic

barrier failure. Basically the bar-

rier is envisioned to fail by three

modes. It can fail from stresses

above the design envelope envisioned

for the disposal concept. It can

fail as a result of an undected flaw,

or for those concepts using a cavity,

the cavity could collapse from a

physical instability. In each case,

forces to induce migration of waste

must exist.

Those failures which are the re-

sult of stresses beyond the design en-

velope include barrier failures which

are

ing

the

the

the result of testing or monitor-

followed by improper sealing of

test holes. Also included are

large natural forces and also

cavity pressurization. The geologic

failure from stresses within design

limits considers the possibility of

an undetected flaw and also any unex-

pected natural deterioration of the

barrier. The flaw could exist from

tests on barrier integrity, the tests

might not detect the flaw, or the

barrier could lose its integrity if

water enters the region. It is en-

visioned that the barrier might con-

tain soluble minerals which dissolve

if water enters the region from a

climatic change.
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3.15 BNWL-1900

The cavity failure branch of the

fault tree is divided into two seg-

ments. The cavity can collapse and

force waste to the surface or the cav-

ity collapse can occur and form a

pathway for subsequent waste movement

to the surface. These two failures

transfer into other parts of the

fault tree.

Figure

the waste

chanism.

3.6 develops migration of

via an active transport me-

In one case, the waste is

transported through the existing bar-

riers, which are considered to be

slightly permeable. In the other

case, the waste is transported through

an existing pathway. The transport

media considered are oil, water, and

i~olten rock through volcanos. Oil re-

fers to the naturally occurring hydro-

carbons found in geologic formations.

Figure 3.7 develops the cavity col-

lapse failure events. These are dif-

ferentiated from the barrier failure

in the fault tree. The mining of

material from a geologic formation

can cause physical stresses over and

above those naturally present in the

geologic formation. The cavity col-

lapse branch considers the stresses

imposed by the existence of a cavity.

The failure events are quite similar

to those considered for barrier fail-

ure and shaft seal failure.

Figure 3.8 looks at the ways in

which the waste environment can be-

come pressurized. If the waste is

molten, no other media are required

for waste to move to the surface if

sufficient pressurization exists.

Figure 3.9 looks at the ways the

barrier might be stripped off the

storage vault. Figure 3.10 looks at

the ways man's environment might ex-

pand into the waste.

3.1.1.5 Data Availability for 

Basic Failure Events in 

the Fault Tree 

The past section has identified 77

basic failure events which could in-

teract to release waste from its geo-

logic disposal location. This section

will look at the availability of fail-

ure rate data for these events both

now, in 1000 years and in 1,000,000

years.

Table 3.2 gives a listing of the

77 basic failure events. The follow-

ing paragraphs will look at each ele-

ment and address the foilowing ques-

tions: Is it possible to predict

failure thresholds either through

analysis or testing? Is it possible

to develop a good data base for pre-

dicting the frequency of the event?

Is the failure of that element of

potential importance relative to

safety?

In some cases, the basic failure

elements can produce a common system

failure mode such as a barrier fail-

ure or a cavity collapse. An attempt

will be made to discuss such related

failure elements as a group.

Barrier Failure Occurs (Failure 

Elements 1 through 8) 

Eight basic failure elements and

two secondary failure events are pos-

tulated to cause barrier failure.

The eight basic failure elements are

barrier failure by aging, glacial ac-

tion, erosion by ice, wind, rivers,

volcanic activity, war or sabotage.
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3.20 BNWL-1900

TABLE 3.2. Basic Geologic Disposal Failure Events
Identified by Fault Tree Analysis

Failure
Event
No. Description of Failure Element

1 Barrier Ruptured by Aging
2 Barrier Ruptured by Glacial Action
3 Barrier Ruptured by Erosion from Ice, Wind, Weathering, Rivers, etc.
4 Barrier Ruptured by Volcanic Activity
5 Barrier Ruptured by War, Sabotage
6 Barrier Ruptured by Waste-Imposed Stresses
7 Barrier Ruptured by Tectonic Activity
8 Barrier Ruptured by Meteor
9 Water Finds Path into Burial Vault
0 Barrier Contains Undetected Flaw
1 Cavity Collapse from Aging
2 Cavity Collapse from Glacial Action During ice Ages
3 Cavity Collapse from Erosion, Weathering, Wind, Water, Ice
4 Cavity Collapse fror Volcanic Activity
5 Cavity Collapse from Monitoring, Tests
6 Cavity Collapse from Stress Imposed by Waste
7 Cavity Collapse from Tectonic Action
8 Cavity Collapse from Meteorite Impact
9 Cavity Coilapse from War or Sabotage

20 Cavity Enlarges and Collapse Occurs
21 Flaw in Barrier Develops fron Tests To Snow Barrier Integrity
22 Cavity Migrates into Formation Which Cannot Support Cavity and Waste

Forced to Surface
23 Vent Formed to Surface from Cavity Collapse
24 Cavit) Collapse from Radiation Damage
25 Waste in Mobile Form in Cavity
26 Collapse of Cavity Permits Migration of Mobile Waste to Surface
27 Pressurization from Internal Energy Release
28 Pressurization from Entry of Lava in Magma
29 Pressurization from Water Entry and/or Steam Formation
30 Pressurization from. Chemical Reaction of Waste or Host Rock
31 Pressurization from Intrusion of Oil or Gas
32 Pressurization Occurs upon Waste Melting
33 Pressurization Occurs upon Waste Solidification
34 Shaft Seal Fails from Tectonic Events
35 Shaft Seal Fails from Aging
36 Shaft Seal Fails from Volcanic Activity
37 Shaft Seal Fails from Water, Ice. Weathering, Wind, Rivers, etc.
38 Shaft Seal Fails from Tests, Monitoring
39 Shaft Seal Fails from War or Sabotaae
40 Shaft Seal Fails from Stresses Imposed by Waste
41 Shaft Seal Ruptured by Meteors
42 Shaft Seal Not Correctly Made
43 Surface Flooded
44 Climatic Change Causes Aquifer in Region
45 Water Flow Is Induced
46 Volcano in Disposal Region
47 Lava Contacts Waste
48 Flow Induced Through Barrier
49 Barrier Mined for Mineral Content
50 Barriers Removed by Meteor
51 River Located in Region for Periods Sufficient to Remove Barrier
52 Weathering Erosion Removes Barrier
53 Barrier Removed by Tectonic Activity
54 Duration of Glacial Periods Sufficient to Remove Barrier
55 Region Strata Thought To Oontain Valuable Resource
56 Waste Contacted by Exploration
57 Waste Contacted During Mining
58 Waste Contacted During Testing
59 Waste Contacted Purposely '
60 Waste Contacted During Geothermal or Other Future Use of Region
61 Pressure Required to Disolace Waste to Surface Exceeded
62 Cavity Pressure Exceeds Shaft Seal Strength
63 Insufficient Heat Transfer Melts Solid Waste
64 Oil or Gas in Region
65 Oil or Gas Transfer Waste Through Barrier
66 Cavity Shape Unstable from Waste Pressuraization
67 Waste Disposal as Liquid
68 Pressure Exceeds Barrier Strength
69 Technology To Detect Rupture No Longer Exists
70 Shaft Seal Improperly Repaired
71 Technology To Repair Rupture No Longer Exists
72 Barrier Fails or Deteriorated from Design Uncertainty
73 Cavity Dissolves Barrier Between Waste and Surface
74 No Monitoring of Disposal Site
75 War or Sabotage Occurs Before Decommissioning
76 Naturai Disaster Occurs Before Decommissioning
77 Efforts To Control Aquifer Fail



waste-imposed stresses or meteors.

The two secondary failures are excess

pressure buildup in the disposal

vault and barrier failure from moni-

toring, exploration, etc., followed

by improper repair.

Barrier

Element

barrier

Ruptured by Aging (Failure 

1). Aging could cause the

to lose integrity with time.

The change in properties of barrier

materials

specified

the aging

caused by aging can be

quite well. By factoring

properties of the barrier

3.21 BNWL-1900

into the analysis, the failure by

aging should not be a controlling

failure element.

Barrier Ruptured by Waste-Imposed 

Stresses (6). This variable should be

fully analyzable as part of the design

of a disposal concept. At the burial

depths under consideration, the bar-

rier/waste system should eventually

reach isostatic equilibrium, and plas-

tic behavior of the barrier should

minimize stress concentrations. This

variable should not be an important

contribution to concept safety.

Barrier Ruptured by War or Sabo-

tage (5). It is possible to analyti-

cally estimate the consequences of

waging a nuclear war above the dis-

posal site. Analyses have shown a

1000 megaton nuclear explosion at the

ground surface would be required to

rupture a barrier to a depth of 1000

meters. The detonation of such a

weapon at the ground surface would

not maximize destruction at the

face, which is a primary aim of

clear war. Thus war should not

sur-

nu-

have

an important influence on barrier

failure rates. Sabotage is somewhat

different from war. However it is

difficult to envision an act of sabo-

tage which could result in the rup-

ture of a 1000-meter thick barrier

and have immediate major detrimental

effects to the population.

Barrier Ruptured by Glacial Action 

During Ice Ages (2-3). Ice or ice-

dammed lakes several kilometers deep

can build up over land surfaces. The

deep rock strata below these overbur-

dens normally are sufficiently plas-

tic to deform without rupturing. It

should be possible to show by calcula-

tion that the barriers will not be

stressed to levels approaching fail-

ure even if the ice loading is not

uniform. In addition, waste would

not be emplaced such that erosion by

glaciers would be expected to expose

the waste. Thus this variable is not

expected to be an important contribu-

tor to waste release.

Barrier Ruptured by Meteorite Im-

pact (8). The effects of a meteorite

impact on the barriers above a dis-

posal vault can be analyzed with the

same tools used for the cratering ef-

fects of nuclear explosions. Gera

and Jacobs(4) have projected the prob-

ability of a meteorite forming a 400-

meter deep cavity in the disposal site

can be expected at a frequency of

10
-12/km2-year. Thus, meteors are not

expected to be the controlling waste

release mechanism.

Volcanic Activity (4). Analytical

models to predict the effects of near-

by volcanos on barrier integrity are

not yet available. However, based on

present knowledge of strata behavior

adjacent to volcanos, the probable

effect on the barrier could be devel-

oped. In particular, the amount and



the extent of barrier rupture caused

by magma flows in the region could be

specified. However, disposal sites

would not be placed adjacent to known

volcanos. In terms of barrier rup-

ture, the effects of volcanic activ-

ity in a region are probably less im-

portant than other tectonic activity.

Barrier Ruptured by Tectonic Activ-

ity (7). Tectonic activity is ex-

pected to impose significant forces

on the barriers. Therefore

variable is one of the most

of the eight basic events.

this

important

Vertical

faulting in the disposal region could

either expose the waste or bury it

much deeper than it was originally

buried. At the present time it is

not possible to predict where future

faulting will occur, although poten-

tial failure points for the barrier

could be calculated. The probability

that a region will be tectonically

active in the near future (less than

1000 years) can be estimated by the

frequency of earthquakes.

In the million year

is much more difficult

certainty where active

3.22 BNWL-1900

time frame, it

to predict with

tectonics will

occur, although areas which have not

been active for many millions of years

would not normally be expected to be-

come active during the next million

years. The U.S. National At1as(5)

compares tectonic activity associated

with mountain builing to atmospheric

storms. "Fold belts commonly form a

mountainous terrain. They are formed

by orogeneses which are, in effect,

storms within the crust of the earth.

But whereas atmospheric storms come

and go within a few hours or days, the

crustal storms endure for many mil-

lions of years because of the much

greater rigidity of the materials in-

volved. To be more exact, each fold

belt was created during stormy periods

of geologic time--a succession of oro-

genic storms following on and rein-

forcing each other, the whole consti-

tuting an orogenic cycle . . . . The

causes of these orogenic storms are

poorly understood. Nevertheless their

manifestations are plain--the folding

and faulting of the near-surface

strata, the flowage, recrystalliza-

tion and metamorphosis of the parts

beneath, and the emplacement of bodies

of granite and other plutonic rocks

into the deepest layers."

The motion of the near-surface

strata during orogenic cycles gives

some indication of the forces involved

during such motion. The discussion of

geologic history in the National Atlas

refers to the following crustal mea-

surements. "In the latest Devonion

or Early Mississippian time (about

350 million years ago) a disturbance

called the Antler orogeny produced

eastward thrusting and folding in a

northeast-tending band across central

Nevada and probably across western

Idaho and eastern Washington . . . .

Eugeosynclinal deposits of the west-

ern Nevada region were displaced by

faulting at least 55 miles and perhaps

as much as 90 miles eastward over mio-

geosynclinal deposits and a mountain

belt possibly 500 miles long was

produced."

The National Atlas refers to the

Sierra Nevada in California as one of

the westernmost fault-block mountains
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uplifted about 4000 meters in modern

times along a fault on the eastern

site.

If forces such as those described

in the past paragraph become active in

the disposal region, geologic barrier

integrity is difficult to assure.

Through careful analysis and by fol-

lowing future developments in plate

tectonics, it may be possible to find

areas where the stability is expected

to be acceptable for the next million

years. Future developments in plate

tectonics studies will increase the

knowledge of plate stability and then

increase the assurance that suitable

disposal sites will be found with

long-term stability.

Water Finds Path into Burial Vault (9).

As presently envisioned, the burial

site would not be located in an envi-

ronment with active aquifers. The

question of leak tightness if water

did become present around the site

must be considered. For geologic for-

mations which are not water soluble,

it may be possible to design tests

which show that a disposal site is

watertight. Another approach is to

accept the probability that the bar-

riers above the vault may not be

watertight and calculate the effects.

The following discussion gives a

basis for how such a failure proba-

bility might be developed.

The following facts 'relative to

water entry into active mines were ob-

tained. From the period 1893-1944 a

total of 26 mines (for metal ores and

nonmetal ores) experienced accidents

by flooding.
(6)
 Based on these data

and those in Reference 8, the proba-

bility of experiencing an inrush of

water, assuming an occurrence of five

flooding accidents in 10 years, is on

the order of 10
-5
/km-year. For geo-

logic disposal in competent rock,

this value could be used as a rough

estimate of the probability that a

kilometer-long mine tunnel will con-

tain an undetected flaw which would

allow waste entry if water were pres-

ent in the region. Since water is

probably the most likely transport

mechanism for waste, this failure

event appears to have high importance.

Good failure rate data should be

obtainable.

Barrier Contains Undetected Flaw (10).

The potential consequences of this

failure event could be large or small

depending on the form of the waste

and the type of defect. Without com-

pletely excavating the geologic bar-

rier to the repository, it is diffi-

cult to assure that the barriers do

not contain an undetected flaw which

might eventually develop into a path-

way for communication between the

disposal vault and the surface. For

the mine shaft, the value of 10-5/

km-yr for the water entry is probably

a reasonable estimate for this fail-

ure element.

For large underground reservoirs

containing boiling waste solutions or

molten rock/waste mixes, there is

really no similar experience from

which to estimate barrier failure

probabilities. The closest relevant

experience would be the gas storage

reservoirs normally either in salt

cavities or abandoned mines. At the

present time there are 600 storage

reservoirs for natural gas storage.(7)

Based on the projected growth curve,(8)
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it is estimated that there have been

8600 cavity-years of experience with

cavities used to store natural gas.

At least two reservoirs have leaked.

One is referred to on page 349 of Ref-

erence 10 and the other was a reser-

voir in Elk City, Oklahoma.(9) From

these data, the probability of bar-

rier failure for these systems is

estimated to be on the order of

10-3/cavity-yr.

Cavity Collapse (11-19). Cavity col-

lapse failures very closely parallel

the geologic barrier failure modes

discussed previously, but with a

slight shift of emphasis. Previous

concerns were for those facets which

could breach the barrier irrespective

of the presence of waste. In these

cases, the decreased capability of

the geologic barrier to maintain in-

tegrity due to the presence of the

cavity or the waste is of concern.

If the cavity is not completely full

or contains liquid (as aqueous or

molten phases), the arch above the

waste may be incapable of resisting

forces imposed on the barrier. These

forces should be active only during

the period the cavity structure is

distinct from the geologic barrier.

Thus it tends to be of concern only

during the operational period rather

than for a million years. Through

mechanical analyses, the failure

thresholds should be identifiable,

and the probabilities of failure

should be similar to those developed

for the geologic barrier failures.

Cavity Enlarges and Collapse 

Occurs (20). Analyatical models to

predict the stability of openings in

competent rock have been developed.

These can be applied to the design of

the tunnels. The safety factors em-

ployed in the design can be set high

enough that cavity failure of the tun-

nels would not be the controlling

variable during site operations. For

long-term stability, plastic flow

would eventually close the opening

and the site would approach isostatic

equilibrium. At that point cavity

failure would be nonexistent.

For the deep hole or large under-

ground reservoir concepts, the poten-

tial for cavity collapse from struc-

tural instability exists. Since no

hgles have been drilled deeper than

9 kilometers, the stability of a 16-

kilometer-deep hole can be analyzed

only in theory. The frequency of col-

lapse either from creep or rock bursts

can be expected to be quite high. Al-

though presently existing theories

could be applied to deep-hole stabil-

ity, ultimately the results wouid

have to be verified experimentally.

The stability of an underground

reservoir containing molten waste or

boiling aqueous waste is not known.

However, failure rate data on solu-

tion-mined salt cavities would ap-

pear to be somewhat relevant. The

following data relative to solution

mining has been found. Since 1940,

the total volume of salt removed by

solid and solution mining is approxi-

mately 136 million cubic meters,

based on the amount of salt mined.(
10)

Solution mining makes up 60 percent

of the total, and the average cavity

size has a volume of about 28,000

cubic meters.(8) Thus there are about

3000 solution cavities, and as dis-

cussed under failure element 9 about
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600 are being used for storage of

hydrocarbons. For the 600 storage

cavities, the total number of cavity

years of experience was 8600; thus

one might expect total cavity years

experience with all cavities to be

about 50,000 cavity-years. There

have been two leaks, discussed under

failure element 9, and there have

been two other cases of significant

cavity subsidence for cavities which

were not storing hydrocarbons.
(11,12)

Thus the number of significant cavity

collapses is roughly estimated to oc-

cur at a frequency of 10
-4
/cavity-yr.

This failure element is important

for the liquid waste emplacement con-

cepts. Since rock temperatures rise

with depth', the salt reservoir experi-

ence may be relevant for boiling

wastes. In current experience, the

molten rock case really has no paral-

lels other than underground nuclear

explosions and probably has a higher

cavity collapse failure rate than con-

ventionally excavated cavities. Thus

it is believed that failure probabil-

ities for boiling waste can be ob-

tained, but the case of molten rock

would require much greater study.

Barrier Ruptured by Tests (21). The

analysis of the effects of the test-

ing program on the geoiogic barrier

integrity should be relatively amen-

able to evaluation with present ana-

lytical tools. The urge to drill

many test holes through the barrier

should be resisted from the stand-

point of contributing to failure.

Cavity Migrates into Region Which Can-

not Support Cavitv and Waste Forced 

to Surface (22). This branch of the

fault tree has not yet been developed.

In general, however, the geologic

barrier above the site is expected to

have a lateral extent that is great

enough to prevent circumventing the

barrier.

Vent Formed to Surface from Cavity 

Collapse (23). There are numerous

documented cases where tunnels in

mines have collapsed and the col-

lapse propagates vertically upward

to the surface with time. Analytical

models of cavity stability should be

able to predict this behavior and geo-

logic formations where the barrier

has this characteristic should be

avoided.

No data on frequency of occurrence

was obtained, although it should be

possible to construct some relevant

data from the more than 400,000
(13)

kilometers of mine tunnels dug in the

last 10 yeras. The probability for

this failure should be below that

given for failure element 9, i.e.,

less than 10
-5

/km-yr.

Cavity Collapse from Radiation Dam-

age (24). This failure element

should be amenable to evaluation in

the laboratory. With such evaluation

and proper design, this variable

should not be significant.

Waste in Mobile Form in Cavity (25).

The probability of this failure ele-

ment is set at 1 for the concepts

where the waste in a fluid form can be

disrl3ced by the collapse of the roof

or the application of flowing media.

Examples of mobile wastes are gases,

molten waste, liquids containing dis-

solved waste or solid suspensions, or

very finely divided powders which

could be entrained in a gas stream.



For the solid waste disposal con-

cepts the waste will initially be in

canisters. Analytical and experimen-

tal studies are currently being car-

ried out to investigate changes in

waste properties with age. This in-
.
formation can be used to evaluate the

possibility that the waste will be-

come mobile if placed in a flowing

gas or liquid. This failure element

may have significance for safety

analysis.

Collapse of Cavity Permits Migration 

of Mobile Waste to Surface (26).

Simulation of the mechanics of an

underground opening should describe

the possibility of mobile waste being

displaced to

of collapses

through 24.

the surface for the type

considered in items 11

In the absence of these

calculations, the probability that

mobile waste is displaced directly to

the surface is unknown.

This failure mode should be consid-

ered for those disposal cases where

the waste is in a mobile form. Ana-

lytical studies should probably be

followed by model tests to show

behavior of the waste during simu-

lated collapse mechanisms.

Waste Pressurization Occurs (27 

through 33). In the fault tree,

seven mechanisms which could cause

waste pressurization have been iden-

tified. The waste could become

pressurized by an interal energy re-

lease, intrusion of lava'or magma,

water entry, chemical reaction, in-

trusion of oil or gas, meltirg, or

solidification of melt. Each of

these potential mechanisms will be

discussed individually.
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Pressurization from Internal 

Enerqy Releases. Internal energy can

be in a variety of forms. The larg-

est energy form is nuclear. Because

of the dilution by the fission prod-

ucts and the glass, nuclear critical-

ity of the actinide elements should

not be possible. The assessment of

nuclear criticality can be made by a

relatively straightforward calcula-

tion for any possible waste matrix.

Such calculations should be made to

verify present consensus. Chemical

energy release stored in the cavity

is another potentially disruptive me-

chanism. The radiolytic decomposi-

tion of materials present in the dis-

posal vault should be considered.

The data required to make such a cal-

culation is being developed. Finally,

the expected lack of buildup of

stored energy in the waste form needs

to be confirmed for the cases to be

examined. It is expected that the

amount of internal energy poten-

tially stored in the waste would be

incapable of doing significant dam-

age to the disposal vault or to geo-

logic barriers between the vault and

man if it is released.

Pressurization from the Intrusion 

of Lava or Magma. The potential pres-

sures associated with the intrusion

of lava or magma are much larger than

any internal pressures from the waste.

Pressurization from Water Intrusion.

Water is capab;e of changing thermal

energy into mechanical energy via

vaporization. Pressurization will

occur when the temperature of the

waste corresponds to a saturation

pressure above the isostatic pressure
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of the disposal vault. The potential

for obtaining these temperatures and

pressures should be verified for each

disposal concept.

Chemical Reaction of Waste or Host 

Rock. Laboratory experiments should

verify that no significant pressuriza-

tion would result from chemical reac-

tions (includ,ng decomposition) in a

properly designed system for waste

burial.

Intrusion of Oil or Gas. Gas or

oil in underaround systems is typi-

cally at very high pressure. If hy-

drocarbons accumulated in the diF-

posal site, relieving the pressure by

venting could cause the waste to mi-

grate either by entrainment or by dis-

solution of the waste.

Pressurization Occurs upon Waste 

Melting. The plastic flow of the sur-

rounding media should relieve any

pressurization which might occur dur-

ing melting. This can easily be

verified to show that no catastrophic

release occurs.

Frescurization Occurs upon Waste 

Solidification. It has been postu-

lated that some catastrophic eruptions

have oc.:-Iurred as a result of magma

solidification and the pressure build-

up caused by the

of water. It is

mechanism can be

tally. It could

in-place melting

inverse solubility

believed that this

verified experimen-

be important for

concepts.

Shaft Seal Failures (33 through 42).

The phenomena which can cause shaft

seal failures are similar to the phe-

nomena causing geologic barrier or

cavity failures. However the shaft

seal involves the additional complex-

ity of having a boundary between the

barrier and the synthetic seal. Thus

discontinuity can be a point of

stress concentration. In addition,

the behavior of man-emplaced seals

for thousands of years has not yet

been verified.

Based on data in the Statistical

Abstracts,
(10) 

there are over 500,000

producing oil wells in this country.

There is probably at least an equal

number of abandoned wells. A11 have

seals between the well casing and the

underaround strata. The statistics

on seal failures may be available,

but no known research has been done

on this point to date. However, Asso-

ciated Press accounts in the past

year have related at least two in-

stances of shaft seals leaking. In

one case oil was coming from a well

in the front lawn of a residence in

Southern California. The well had

been capped several decades ago. The

other case was a new well in Traverse

City, Michigan.. These are just two

of significance. There are probably

more that have not been reported.

Thus the probability of a seal fail-

ure by conventionai techniques is

more frequent than 10
-5/well-yr.

The above statistics are for shaft

seal failures which could be attri-

buted to an improper seal or seal de-

gradation. Seals are also very sus-

ceptible to failures as a result of

earth movement (failure element 32).

It is highly unlikely that a shaft

could withstand an earthquake with

an intensity of IX on the Modified

Mercalli scale. The breaking of

underground pipes is a design crite-

rion used to define areas where an

earthquake has struck an area with an
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intensity of at least IX. Algermis-

sen
(14) 

has estimated the seismic

risk in the various regions of the

country (presented in Section 4 of

this report). Gutenberg and Richter
(15)

have summarized the seismicity of the

entire earth for the 1904-1952 time

period. Of particular interest to

this study are reports by S. A. Bol-

linger
(16) 

and a book by Wiegel.
(17)

Bollinger states, "The great Charles-

ton, South Carolina earthquake of

August 31, 1886 provides an example

of a major United States earthquake

outside the Pacific coast region. No

prior severe shocks were known to

have occurred in this region since

its settlement by the English in

1670." Because of this long aseismic

history, the 1886 event is often

cited as an example that no region

is compietely safe from earthquake

hazard. The estimated magnitude of

this earthquake was 7.7 on the

Richter scale.

On the Modified Mercalli scale

this earthquake had a maximum inten-

sity of X, and a region of about

8,000 square kilometers experienced

damage in excess of IX on the Modi-

fied Mercalli scale. in this 8,000

square kilometers, buildings were

shifted off foundations, cracked,

thrown out of plumb, and ground was

cracked and underground pipes broken.

For this report, an intensity of IX

is used as the basis for calculating

the probability of an earthquake at a

waste disposal facility. The use of

this intensity is not meant to indi-

cate that the earthquake will result

in a waste release; it is used as a

point of reference. More severe

earthquakes will have a lower proba-

bility of occurrence.

Bollinger shows that the probabil-

ity of an earthquake striking a

region of 8000 square kilometers

along the east coast is about 0.005/

year. Assuming the east coast con-

sists of 22 x 10
6 

square kilometers,

then the risk of an earthquake at any

point on the east coast is approxi-

mately 0.005 x 8000/2 x 106. Thus

the probability of an earthquake at

some generic eastern site would be

approximately 2 x 10-5/year.

In California, the probability of

a Richter magnitude 7.5 earthquake is

0.076/year.
(14) 

This would result in

an intensity of greater than IX on

the Modified Mercalli scale over

about 5,000 square kilometers. The

probability of an earthquake with a

magnitude greater than 8.0 is 0.021,

and 20,000 square kilometers can be

expected to experience heavy damage.

The probability of a magnitude 8.5

earthquake is estimated to be 0.006/

year. Approximately 36,000 square

kilometers can be expected to experi-

ence heavy damage from this earth-

quake. Thus the probability of an

earthquake in this magnitude range

occunring at a random point in Cali-

fornia (390,000 square kilometers)

is:

p = [0.006 x 36,000 + (0.015)(20,000)

+ (0.055)(5,000)]/390,000

= 0.002/year.

This calculation shows that some

regions of the country experience

risk from earthquakes which is at

least 1000 times more likely than
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many regions of the country. In like

manner, there are probably some re-

gions which can be shown to have the

expected frequency of earthquakes to

be 10
-8 

or less for the next few thou-

sand years and perhaps longer. Thus

for some regions, the natural events

can be more controlling than seal

failures from degradation. It should

be possible, through more in depth

analysis to obtain better failure num-

bers. The shaft seal is a fundamen-

tal element in the waste disoosal site

safety evaluations.

Surface Flooded (43). Extensive stud-

ies have been made for surface flood

potential in some areas. The poten-

tial is very site specific. A dispo-

sal location would be selected so

that the region would not be inun-

dated by surface floods. This fail-

ure element is more concerned with

the potential that the normal runoff

patterns -.ould be modified by weather

changes or damming and subsequent

lake f..o..-mation. Some of the potential

reasors for lake formation could be

landslides, tectonic activity, volcanic

activity, meteorite impact, or climatic

changes such as the onset of another

glacial age. Man could also dam uo

the runoff although it is assumed that

the disposal site will not he upstream

of a location where man would want to

build a dam.

Detaiied studies as to the poten-

tial likelihood of surface flooding

can be carried out for specific sites.

During the operational phase of geo-

logic waste disposal, a crater from a

meteor could be considered as a poten-

tial mechanism for forming a lake

directly above a disposal vault.

Based on this assumption, the proba-

bility of a lake 1 square kilometer

in surface area would be estimated to

occur with a frequency of approxi-

mately 10-10 
/year. After 1,000,000

years, the possibility of a surface

region being flooded could be approxi-

mated by assuming that the flooding

of land area occupied by lakes and

rivers is a random variable. On the

average, 2 percent of the land area

within the contiguous U.S. is under

water.(5) The average land fraction

under water in the western and semi-

arid states is about 0.5 percent.(5)

Using this

as a rough

site would

logic, 0.01 could be used

expected frequency that a

be inundated after

1,000,000 years. After 1000 years,

an intermediate number on the order

of 10
-6
/year might be used in the ab-

sence of any site analysis.

The numbers developed in the last

paragraph are very preliminary

based on a very limited amount

data and in the absence of any

selection. Better numbers can

ones

of

site

be de-

veloped for a particular site. As

long as the site is not located in a

region with signi 4icant tectonic ac-

tivity, the probability of surface

flooding can be estimated with rea-

sonable accuracy.

Climatic Change Causes Aquifer in 

Region (44). The potential for a

region to contain an aquifer, if

water was added to a drainage basin,

is an important variable since aqui-

fers are able to leach and transport

immobilized waste or transport mobile

waste. In addition aquifers are
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quite common. Even though a region

contains no currently actively flow-

ing subsurface water, it cannot be

concluded that the potential for

underground aquifers in the region

does not exist. Unfortunately, under-

ground flow of water is not well de-

fined even in regions with active

aquifers. The knowledge about the

potential for active aquifers in re-

gions with no present underground

water systems is very scarce. For

individual sites some estimate could

be made of the probability that exist-

ing dry underground flow channels

will become recharged or that new

channels will be formed where none

exist today.

No studies on the extent of under-

ground water systems have been done

in this analysis. However, it is

recognized that the extent of under-

ground water courses is several times

the extent of surface areas inundated

by lakes or rivers. Therefore, in

this study the probability of having

an underground aquifer in the dispo-

sal region was set an order of magni-

tude above the probability of surface

flooding in any time period studied.

As with the surface flooding fail-

ure element, it is important to rec-

ognize that tectonic activity can

drastically alter water flow through

underground formations. However, if

the disposal site is in a region of

projected tectonic stability, it

should be possible to obtain a rea-

sonable estimate for the frequency,

duration and extent of aquifers in the

region. Much more effort will be re-

quired to develop the data on under-

ground aquifers to the certitude that

surface flooding data can be devel-

oped. However, the potential for

aquifers is one of the most critical

failure elements.

Water Flow Induced (45). Active

leaching of waste from the disposal

site requires flowing water. Thus

water which comes into a formation

and is stagnant will nOt do any

significant leaching.

Water flow through the disposal

formation can be induced either by in-

ternal or external forces.

mulated heat from decay can

driving force. The gradual

The accu-

act as a

sloping

of the strata in the disposal site

can be a driving force, as can be the

difference in elevation of supply and

discharge points.

Since natural processes for remov-

ing water from underground basins con-

taining no exit are very slow, the

absence of water could be an indica-

tion that any new aquifers formed in

the region may be active. Thus for

conservatism in this analysis, it is

assumed that any water in the disposal

region will be flowing. It should be

recognized that for some sites the

natural resistance to water movement

may be an important safety feature.

Volcano in Disposal Region (46).

Since volcanos accompany active crus-

tal movement, volcanic activity in

the disposal region can be analyzed

at the same time tectonic activity of

the region is investigated. This

variable will always be less probable

than the tectonic activity. As an ex-

ample, in the western United States,

which has undergone recent tectonic

upheaval, the World Atlas(5) denotes

17 volcanic cones and 12 caldera.
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Using a figure of 10 square kilometers

for a caldera and 1 square kilometer

for the cone of a typical volcano, re-

sults in a volcanic land area of

about 140 square

western U.S. has

mately 2.5 x 10
6

kilometers. The

an area of approxi-

square kilometers.

Thus the probability of a volcano ex-

isting in the western U.S. is about

4 orders of magnitude below the proba-

bility of tectonic activity. This

ratio is used in this reoort to ot-

tain the prooability. of voicanic oc-

tion, given the oroh?oil'-ty of

tectonic activity 17 the l'egior.

The orecelinq arialysis was

cursory study of volcanos.

eters of volcanic cones and calderas

can be determined more precisely, but

it may be very difficult to predict

volcano frequency with any greater

accuracy. Since volcanic activity oc-

curs in active tectonic areas, identi-

fying areas of cuture tectonic insta-

bility is important for this failure

elemen/7.

Lava Contacts Vaste (47). This fail-

ure element

conditional

ment. i-Tven

a statemert that is

on thc iast failure c'le-

though the volcano is in

the disootal re,jicn. the :.-.olten rod.:

coming to the surface mw,t transr,ort

the waste. In this analysis, .redit

for this safety feature was not taken.

It was assumed that if a volcano

strikes the region the waste is trans-

ported to the surface.

Flow Induced Throuqh Barriers (48).

It is possible, given enough force,

to have flows of water, steam, oil or

gas containing waste penetrate a geo-

logic barrier. Because of the lower

permeability of most rocks at greater

depths, this va

ally become les

creasing depth

Barrier Mined f

To date no stud

estimate the po

barrier as a fu

studies can be

enough

in the

future

in the

of the b

world to

needs fo

barrier,

riable should gener-

s iroortant with in-

of waste disposal.

or Mineral Content (49).

ies have been done to

tential value of the

ture resource. Such

made to verify that

arrier material exists

satisfy man's expected

r any element present

assuming present-day

knowledge.

4ith proper site selection this

fa lure element should not be a major

ocntributing factor influencing the

probability that waste will be

released.

Barrier Removed by Meteor (50). Anal-

yses indicate that the probability of

a meteor capable of completely remov-

ing a barrier 1 kilometer thick above

a l km2 disposal site is about
-la 2

10 ./km -year. This size meteor is

actually the most singularly disrup-

tive failure mechanism. Only the Deep

Bay Crater in Canada
(18) approaches an

impact of this size in North America.

River of  Sufficient Size in Region 

Eroes Barrier (51). The erosive

power of rivers is sufficient to re-

movo ,ny barrier. However, three con-

ditions are needed: 1) the river has

to he ir tne region long enough,

2) the flow has to be large enough,

and 3) there has to be enough .eleva-

tion for the river to erode the bar-

rier to the disposal vault.

For the probability of rivers erod-

ing barriers, a rough estimate was

made here using the Grand Canyon of

the Colorado as a model of a river

which could erode a barrier.
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Gera and Jacobs
(4)
 estimate the

erosion rate of the Colorado River to

be 80 cm/1000 years. If the average

rate of denudation (weathering) of

the highlands is added in, the rate

of erosion relative to the original

land elevation would be 1 m/1000

years or 1 kilometer in a million

years. Thus if a river like the

Colorado were located above a dispo-

sal site 1 kilometer in depth, it

would erode the barrier in 1 million

years.

Based on the data by Cole and

Wise,
(19) 

the Colorado River is an

average western river. Of the 16

rivers with average annual flows in

excess of 28 m3/sec, the Colorado,

discharging about 280 m3/sec ranks

eighth from the top. The largest,

the Columbia, with an annual average

discharge of 2800 m
3/sec, would prob-

ably be capable of greater erosion

rates for the flow over similar strata.

This information shows that in

most cases rivers have very little

potential for removing a oarrier at

a properly selected site in periods

which are significantly less than one

million years. After a million years

it is likely that some of the origi-

nally favorable characteristics, such

as remoteness from lak'es and rivers,

may no longer exist. Based on this

unknown, it is assumed that at that

time there is a 50 percent prcbabil-

ity that a river of sufficient flow

to erode the barrier will be located

in the region. Since approximately

0.5 percent of the western land area

is under water, a large fraction of

which is associated with rivers, the

probability of the barrier's being

eroded away after a million years

will be taken as the probability of

the site being under a river (0.005)

times the probability that the river

will be large enough to erode the

barrier (0.5). Thus the probability

of failure by water erosion after

10
6 

years is taken as 0.003.

Weathering Erosion Removes Barrier (52) 

Information given in the above discus-

sion on

erosion

at less

river erosion shows that wind

(denudation) occurs probably

than one-fifth the rate of

water erosion. Thus weathering is not

expected to be of major concern for

periods less than several millionyears.

Barrier Removed by Tectonic Activ-

ity (5). This failure element paral-

lels 7 but looks at the potential for

barrier removal by tectonic action.

No complete study has been made for

this failure element. Fault measure-

ment indicates that barrier removal

by tectonic activity is much less

likely than barrier rupture by tec-

tonic activity. Assuming a strike-

slip type fault is active in the area,

maximum expected relative vertical

displacement in one tectonic movement

is about 10 meters.
(20) Thus it

would take 100 large earth movements

before waste 1000 meters deep would

be exposed along the fault line.

Since tectonic activity is currently

plotted using a random distribution,

it can be said that the probability

of barrier removal by tectonic activ-

ity is at least 2 orders of magnitude

lower than the probability of barrier

rupture. In addition, since even the

most rapid faults move less than
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4 cm/yr,(4) barrier removal would not

be complete for 25,000 years at the

earliest.

Duration of Glacial Periods Sufficient 

to Remove Barrier (54). Gera and

Jacobs
(4)
 list five factors which

affect the rate of glacial erosion:

1) the rate of glacier movement,

2) thickness of ice, 3) amount and

physical character of the drift con-

stituting the glacier base, 4) erodi-

bility of the geological materials

beneath the glacier area, and 5) to-

pography. These authors refer to a

report by Corbel(21) which estimates

that glacial erosion is, on the aver-

age, four times more effective than

fluvial erosion. If only maximum

erosion rates are considered, we find

rates due to glacial erosion are 25

times greater than those due to tor-

rential erosion.

Like stream erosion, glacial ero-

sion is not expected to be an impor-

tant failure mechanism for the first

few thousand years. However, given

the right set of conditions, the bar-

rier 1000 meters thick could easily

be eroded away by glacial activity in

the region. Gera and Jacobs refer(
21)

to the Sogne Fjord in Norway, which

has been eroded for a total apparent

depth of 2400 meters if we consider

the valley depth above and below sea

level. This erosion has taken place

within the last million years.

The above discussion assumes the

existence of glaciers in the region.

Based on the glacial geology maps

shown in the National Atlas, past ac-

tive glaciers covered essentially all

the land mass above the 47th parallel

in North America. Glacial activity

is only partial from there to the

36th parallel. Below that parallel,

significant glacial activity has not

been detected. Thus the location of

the site and the potential for severe

periods of glaciation has an impor-

tant bearing on whether this failure

element has to be evaluated in detail.

The probability of barrier removal

by-glaciers for the first 10,000 years

or so should be extremely low. At

that point, depending on the site,

glacial removal of the barrier might

be expected to be as much as an order

of magnitude more probable than bar-

rier removal by water erosion.

Reqion Strata Thought To Contain 

Valuable Resource (55). This failure

element is similar to element 49.

The expected mineral resource value

of the region around the disposal

site should be determined. Then

based on projected future needs and

the probable availability from other

sources, the potential value of the

region should preferably be projected

as being low. This failure element

is of concern and as a result should

be studied for candidate sites.

Waste Contacted by Man's Future 

Activity (56 throuqh 60). There are

five known future activities of man

which could potentially move the

waste into man's environment. These

are mining, exploration, testing,

sabotage, and geothermal utilization

of heat in surrounding strata or

other use of the region. A11 these

failure elements assume that man is

allowed to operate freely in the

region.

These five elements are very sub-

jective. As such, they probably can
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never be quantified exactly for a

failure probability. At the same

time, it seems apparent that it is

important to control man's activities

in the region. In this case, the con-

cepts which have the greatest intrin-

sic safety should be preferred. Then

intrinsic safety could be further

augmented by administrative

restrictions.

One approach to analysis of this

element would be to document the

amount of exploring for natural re-

sources done in the region. Then

ask, "Does the site appear to have

attractive features for some other re-

source development?" Once these sce-

narios have been evaluated, estimate

the possible effects if the disposal

site had been located there some

years ago. This type of approach,

however, does not account for man's

future advancement which could be

highly significant.

In the final analysis, a failure

probability for each event must be

specified as part of the analysis.

In the absence of any detailed

site evaluation, the following rough

estimate might be used. In 1972, an

estimated 29,510 wells were drilled

for gas or oil in the United States.(22)

Of these, 8357 were wildcat wells,

i.e., drilled in a virgin region.

Only those wells should be consid-

ered in the analysis. If they were

assumed to be randomly drilled around

the country, the probability of the

hole being drilled in a 65 square

kilometer disposal area in the United

States is 8357 holes x 65 km
2
/hole/

9,171,372 km
2 

of area in the United

States = 0.059/year. An additional

factor is the fraction of the 65

square kilometer disposal area occu-

pied by canisters or mine tunneis.

For the reference concept of solid

waste emplaced in a mined cavity, the

actual disposal area is 0.4 square

kilometers or approximately 0.70 per-

cent of the disposal site. Thus the

probability of man violating the in-

tegrity of site disposal vault by

locating a wildcat well in the region

is 0.059 x 0.0070 or4 x 10
-4
/year. A

better estimate could be developed

for a specific site with known

characteristics.

Pressure Required To Displace Waste 

to Surface Exceeded (61). The pres-

sure buildup in the waste from most

external forces will be sufficient to

move the waste to the surface if the

waste is mobile and a pathway to the

surface exists. Pressure buildup

from forces internal to the waste

may not be sufficient to displace

waste to the surface. However, in

the absence of detailed analysis, it

is conservatively assumed here that

any pressure buildup is great enough

to displace mobile waste to the sur-

face along an existing pathway.

Cavity Pressure Exceeds Shaft Seal 

Strength (62). This failure element

compares the pressure buildup in the

disposal vault from all circumstances

against the strength of the shaft

seal. It is not expected that the

shaft seal will fail from excess pres-

sure in the disposal vault. A calcu-

lation is needed to verify this belief.

Insufficient Heat

Solid Waste (63).

testing and pilot

capability of the

Transfer Melts 

Through adequate

plant studies the

disposal site to
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dissipate the decay heat can be demon-

strated. Calculations should then be

made to show what conditions are re-

quired to melt the waste. Based on

knowledge of the disposal site char-

acteristics, it should then be possi-

ble to show that undesired waste

melting cannot occur.

Oil or Gas in Region (64). It is re-

motely possible that oil or gas could

collect in the burial region. It

could be collecting there just be-

cause of the nature of the burial for-

mation or because the decay heat re-

leases the oil or gas. During core

sampling at the site, it should be

possible to show that the burial

vault will not collect significant

amounts of oil or gas.

Oil or Gas Transfers Waste Through 

Barrier (65). The geologic barriers

above the burial vault should normally

be very impermeable to water (failure

element 48) and for the same reasons

it should be impermeable to oil or

gas. In addition, waste is much less

soluble in hydrocarbons than in water.

Therefore, this flow path is not ex-

pected to have majcr importance.

Analysis or testing should verify

this conclusion.

Cavity Shape Unstable from Pressuri-

zation (66). It could be expected

that cavity pressure greatly exceed-

ing the isostatic pressure in the

rock could cause fracturing of the

surrounding rock and possible col-

lapse. No information on this fail-

ure mechanism has been obtained, and

relevant experience may not be avail-

able. At the same time, based on the

underground nuclear explosion experi-

ence, which may not be relevant,

cracking of surrounding rock does

lead to cavity instability. In al-

most all cases surface subsidence has

occurred. This failure element must

be studied in more detail if condi-

tions which result in high cavity

pressures can be postulated.

Waste Disposal as Liquid (67). This

failure element is used only as a

signal in the analysis to distinguish

between disposal concepts which em-

place waste in liquid phases and

those which have no liquid phases

durino disposal.

Pressure Exceeds Barrier Strength (68).

This element is similar to failure

element 66. The designer of any dis-

posal concept must be able to demon-

strate that pressures approaching the

barrier strength cannot be exceeded

under any conditions during the

disposal ooeration.

Inability of Future Technolgies To 

Repair Failures (69 through 71).

These three failure elements consider

the inability of future generations

to correct failures which would re-

sult in a release if they went uncor-

rected. These are: the Seal Improp-

erly Repaired, Technology to Detect

Rupture No Longer Exists, and Tech-

nology To Repair Rupture No Longer

Exists.

Like failure elements 56 through

60, these elements can

be quantified in terms

probability. The best

ever be expected would

probably never

of a precise

that could

be to demon-

strate the importance or unimpor-

tance of these failure elements. A

disposal concept that places little

reliance on man is probably desir-

able. Thus if a barrier leaks and



the leak seals itself because of the

type of material surrounding the

waste, this concept is more desirable

than one requiring that man seal the

leak.

Barrier Fails or Ruptures from Design 

Uncertainty (72). This element

very similar to failure element

Design uncertainties should not

is

6.

play

an important role in the safety of

the disposal concept. In order to

show that this failure element is not

important, analyses based on the most

unfavorable set of conditions must

show that design uncertainties play

no important role in possible system

failure.

Cavity Dissolves Barriers Between 

Waste and Surface (73). This failure

element is applicable only

waste emplacement concepts

similar to failure element

been separated out because

to liquid

It is

72 but has

it is a

failure element which is not common

to all concepts. Cavity migration

with time must be considered and

understood in the design. Tests must

show that the cavity action is under-

stood before any liquid waste forms

are injected into an underground

reservoir.

Administrative Error Allows Man To 

Operate Freely in Region (74). As

discussed under failure elements 56

through 60 and 69 through 71, this

element is primarily a signal to show

how much man is relied on to assure

the safety of a given disposal con-

cept. The analysis should be per-

formed both with and without adminis-

trative control.
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War or Sabotage Occurs

missioninq (75). Once

is decommissioned, the

safety is not expected

mised (see elements 5,

However, wars

commissioning

mise safety.

ing operation

Before Decom-

the facility

disposal site

to be compro-

19 and 38).

can occur prior to de-

and potentially compro-

The effects of war dur-

can be analyzed, and it

may be possible, based on history, to

look at the frequency of general war-

fare. The variability is expected to

be great. The following analysis pre-

sents an approach which might be em-

ployed to examine the potential for

war in the region.

The last generation (35 years)

will be taken as an example to look

at the fraction of the land area on

the earth which has experienced war-

fare. The last world war was fought

over most of Europe, about one-tenth

of Africa and perhaps one-third of

China. In addition, wars have broken

out in Korea, Vietnam, Israel and

several other countries since that

time. For all practical purposes,

World War II statistics indicate that

a large fraction of the total land

area was affected by warfare. From

the standpoint of failure, the dura-

tion of the war is considered less im-

portant than the fact that war broke

out. If increases in man's sophisti-

cation to destroy other men are neg-

lected, then the following formula

can be used to obtain the annual prob-

ability of a war being fought in the

disposal area, based on statistics

from the last generation:
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Ae + (Aa/10) + (Ac/3)Pw - - 0.002
35 A

1

ti -10 3

where

Ae = the area of Europe -

4,934,940 square kilometers,

A
a 

= the area of Africa -

30,312,076 square kilometers,

Ac = the area of China -

3,746,453 square kilometers, and

A
1 

total land area earth -

135, 745,940 square kilometers.

The disruption from a war could last

several years, but in most cases ac-

tive fighting in a region lasts only

a few months. In most cases, it

could be expected that man would re-

turn to maintain the disposal facility.

The subject of sabotage is a very

complex field which has not been re-

searched as part of this analysis.

As with war, good probability esti-

mates for acts of sabotage would be

very difficult to obtain. Saboteurs

can be agents of foreign countries

or for internal activist groups, or a

saboteur can be acting as an indivi-

dual, perhaps as a disgruntled em-

ployee. The external and internal

agents are highly influenced by the

political climate that exists at that

time. Since the political future can

not be predicted, the probability for

sabotage can not be firmly set. Con-

cepts which are least susceptible to

sabotage are probably the most

favored.

At the same time it is valuable to

have a rough estimate of the sabotage

frequency just to place the failure

element in perspective.

The airplane hijackings of the

late 1960's and early .1970's will be

taken as an example of the extent of

sabotage during periods of political

unrest. In 1969, 40 out of 5.4 x 106

flights were hijacked.(23) Since an

average of 26 people were on a

flight, (24) one out of 3.5 million

individuals who flew on airlines dur-

ing 1969 was a saboteur. Thus the

probability of hiring a saboteur in a

waste disposal facility, assuming no

effective screening of personnel, is

3 x 10
-7
. This assumes no effect of

the degree of unrest in the country.

If the plant employs 100 people dur-

ing operation and one during moni-

toring, then the probability of hav-

ing a saboteur on the staff may be on

the order of 3 x 10
-5 

and 3 x 10
-7

during any year for the operational

and disposal phases respectively.

Natural Disaster Occurs in Region 

Before Decommissioning (76). A natu-

ral disaster can

normal operation

natural disaster

personnel may be

be disruptive to the

of a facility. If a

occurs in a region,

killed, work activ-

ity could be temporarily halted, and

supplies of needed materials delayed.

For facilities which need a sizable

operating staff to maintain safe con-

ditions at all times, the effects of

natural disasters could be important.

In the U.S. the probability of

being killed by a natural disaster is

10
-6
/year.

(25) This implies that

about 200 individuals die in natural

disasters each year. In many cases,

it is one serious event which kills

the majority of these 200 people.

Thus there is about one natural dis-

aster each year. It would be ex-

tremely disruptive only if the 200

were killed in the area where most of

the laborers lived and worked. This
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would typically be within an 8- to

30-kilometer radius of the facility

(about 806 square kilometers). There-

fore the probability of a natural dis-

aster occurring in a region could be

roughly approximated by:

p (1 disaster/year) x 800 km2 

9.1 x 10
6 

km
2

= 10
-4
/year.

The operator of a facility should

investigate the possibility of such a

disruption in service. Facilities

which do not need significant control

by man are preferred. Historically,

the total duration of disruption ac-

companying a natural disaster does not

exceed one month.

Efforts to Control Aquifer Fail (77).

At present man has not demonstrated

major ability to control underground

aquifers. Therefore, in this study

this failure element is assumed to be

failed. If the ability to control

aquifers is demonstrated in the fu-

ture, this part of the fault tree

should be modified to reflect the

improved technology.

3.1.1.6 Assessment of the Appli-

cability of Fault Trees 

in Geologic Waste Disposal 

Safety Considerations 

The previous sections of this re-

port showed the application of fault

tree analysis to waste disposal safety

considerations. This technique iden-

tified 77 basic failure elements and

numerous interactions between elements

to show how a release of waste

constituents might occur.

For the fault tree to

lized each failure event

nable to analysis. Each

be fully uti-

must be ame-

must have a

predictable failure threshold, and it

must be possible either to obtain a

reasonable data base for predicting

the frequency of the event or else to

show that the failure event is not an

important safety consideration.

Of the 77 failure events in the ex-

ample studied, over 60 are believed

to have predictable failure thresh-

olds; thus it should be possible to

develop data base for predicting

probabilities. They are fully

amenable to analysis.

Of the remaining 17 failure events,

the majority were associated with

man's future activities. Although

man's future activities can never be

exactly quantified, the importance of

man's presence can be bracketed by

first assuming the site is not ac-

tively administered and aiternatively

by assuming that man is actively con-

trolling activities in the area.

Thus the degree of reliance placed on

man's presence in the region can be

roughly quantified. It is believed

that disposal concepts which place

minimum reliance on man's presence

can be found. Thus, for those con-

cepts the final criterion is met;

i.e., the failure events associated

with man's activity are not an impor-

tant safety consideration.

The remaining failure events were

associated with future tectonic activ-

ity. Areas of high tectonic activity

may not be readily amenable to analy-

sis because the forces involved are

potentially large, they may not be
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well known, and they are particularly

difficult to quantify. However,

areas of high tectonic stability are

available, and disposal in these loca-

tions should be amenable to fault

tree analysis.

3.1.1.7 Sample Waste Release 

Probability Estimate 

The next step of analysis is to

follow each release sequence through

its pathway to man's environment and

ultimately to man. One release se-

quence, obtained from the geologic

fault tree developed previously, is

followed here. The numbers pre-

sented in this analysis are based on

very limited data. Thus they serve

primarily to demonstrate the safety

evaluation method.

The example waste release sequence

considers the release of waste to

man's environment by water. This is

considered to be one of the more

likely release sequences.

The release sequence starts with

the premise of "Water Transports

Waste" and requires the following

three conditions: "Groundwater in

Region," "Water Flow Is Induced" and

"Water Flow Not Controlled by Man."

All three conditions must occur to-

gether before a release of waste

constituents can take place. Based

on present tunneling experience, the

probability that an undetected flaw

in a barrier exists which will allow

water entry in a region where there is

no detectable aquifer is estimated to

occur at a rate of once in 100,000

kilometers of tunnel length. Thus

the failure element "Water Finds Path

into Burial Vault" is estimated to

occur at a rate of 10
-5 
/km of tunnel

constructed for geologic disposal.

This and the following numbers are

order of magnitude estimates. For

the concept of solid waste emplaced

in a mined cavity, 90 kilometers of

tunnels will be used in the year 2000;

thus the probability of a defect al-

lowing water entry is expected to be

once in every one thousand mines (or

10
-3
) with 90 kilometers of tunnel.

Conditions which could cause an

aquifer in the region in the next year

were estimated to be once in one bil-

lion (10
-9

). After one million years,

the probability of an active aquifer

in the region is taken to be much

greater or 10
-1 

to 10-2. At the

1000-year period, an intermediate num-

ber was used. It was assumed that

man would not be able to control the

aquifer and the aquifer would be flow-

ing; thus the failure elements "Water

Flow Is Induced" and "Efforts to Con-

trol Aquifer Fail" were assigned

probabilities of one.

Table 3.3 summarizes the sample

failure event probabilities and the

resultant cumulative probabilities ob-

tained by multiplying the individual

probabilities in each vertical col-

umn. The ranges of probabilities

given reflect uncertainty in the

above data.

The table summarizes a release

probability estimate q-om one sample

failure sequence. To estimate the

overall safety, all significant paths

must be analyzed and the probabili-

ties times the respective conse-

quences must be summed.
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TABLE 3.3. Sample Components of Release Sequence
Probabilities for Geologic Disposal

Failure Event

Climatic Change Causes Aquifer in
Region

Water Finds Path into Burial Vault

Water Flow Can Not Be Controlled
by Man

Water Flow Is Induced

Cumulative Release Probability in
the Time Given

Probability of Waste Release
During During

Operational During 1,000 1,000,000
Period Years Years

-10
10 to 10

-8 
10
=6 

to 10
-4

10
-4 

to 10
-2 

10-4 to 10-2

1

1

10
-2 

to 10
-1

10
-4 

to 10
-2

1

1

10
-14 

to 10
-10 

10-10 to 10
-6 

10
-6 

to 10
-3

3.1.1.8 Application of Fault Trees 

to Other Disposal Concepts 

Preliminary failure modes were

identified for seabed, ice sheet and

extraterrestrial disposal concepts,

and are given in Tables 3.4, 3.5 and

3.6, respectively. Fault tree analy-

sis can be applied to these disposal

concepts in the same manner as to the

geologic concepts.

The preliminary analysis pointed

out how relatively little data are

available to assess the seabed and

ice sheet environments. For example,

in the seabed environment, very lit-

tle information is known about the

long-term behavior of ocean sediments.

In like manner, there is little ex-

perience with drilling, placement and

sealing of waste canisters

seabed. Thus its apparent

uncertain, chiefly because

in the

safety is

of lack of

detailed knowledge about it. The

same is true of the ice sheet environ-

ment except that more known mecha-

nisms for release of waste can be

identified.

For the extraterrestrial disposal

concepts, NASA has accumulated experi-

ence with manned space flights as a

basis for estimating the safety which

can be achieved. Failures on the

launch pad, by burnup in the atmo-

sphere, or meltdown after loss on the

earth's surface are the failure ele-

ments of greatest concern and can be

estimated with improved confidence as

the number of launches accumulates.



TABLE 3.4. Basic Failure Elements
for Ice Sheet Disposal
Concepts

Failure Element
Number Description 

1. Melt Stream Containing Waste Exposed to
Wind Erosion

2. Manmade Climatic Change Occurs
3. Natural Climatic Change Occurs
4. Waste Lost During Transport and Not

Recovered
5. Canister Fails in Ocean Environment
6. Canister Fails from Ice Pressure
7. Canister Fails from Waste Interaction
8. Canister Fails from Suspension System

Forces
9. Canister Suspension System Fails from

Normal Wearout
10. Canister Suspension System Fails from

Natural or Manmade Forces
11. Canister Suspension System Fails from

Waste Interaction
12. Man Relocates Canister
13. Calculational Urcertainty in Canister

Motion Relative to Ice
14. Actual Ice Flow Faster than Calculational

Estimate
15. Waste Interaction Speeds Ice Flow
16. Effects of Volcanic Eruption Speeds Ice

Flow
17. Man's Activity Speeds ICI. olnw
18. Tectonic Action Modifies Ice Fluw
19. Man's Activity Produces Melt Stream
20. Volcano Produces Melt Stream
21 Waste Interaction Produces Waste Stream

Conditional Failure Incidents 

1. Fraction of Climatic Changes Which
Produce Melt Stream

2. Fraction of Climatic Changes Which
Could Move Canisters

3. Fraction of Streams Made by Man Which
Could Move Canisters

4. Fraction of Climatic Changes Which
Could Accelerate Ice Motion

5. Fraction of Climatic Changes Which
Would Make Area Habitable

6. Melt Water Present Around Canister
at Time of Failure
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TABLE 3.5. Basic Failure Elements
for Seabed Disposal
Concepts

Failure Element
Number Description

1. Volcano in Storage Area
2. Aquifer in Storage Area
3. Canister Failure Rate in Aquifer
4. Canister Failure Rate in Ocean
5. Change in Site Depth Occurs
6. Energy Release Occurs
7. Waste Improperly Stored
8. Entire Waste Shipment Lost
9. Gas Accumulates in Failed Canister
O. Barrier Damaged by Waste Compaction
l. Barrier Damaged by Man's Activity
2. Barrier Erodes from Current
3. Barrier Damaged by Tectonic Activity
4. Barrier Damaged by Irradiation/Temperature
5. Barrier Damaged by Landslide
6. Barrier Damaged by Pressure Buildup
7. Waste Dislodged by Man's Activity
8. Waste Dislodged by Waste Expansion
9. Waste Dislodged by Landslide
20. Waste Dislodged by Tectonic Activity
21. Waste Dislodged by Erosion
22. Waste Dislodged by Barrier Disintegration
23. Canister Fails from Placement Operation
24. Canister Not Recoverable after Placement
25. Canister Lost During Shipment Not

Recovered
26. Return of Canisters Not Detected

Conditional Failure Incidents 

1. Area Affected by Volcano
2. Magnitude of Climatic Change Required
3. Internal Energy Release Required To

Disperse Waste
4. Internal Energy Release Required To

Damage Barrier
5. Internal Energy Release Required To

Dislodge Waste
6. Failure Mode Fraction Favorable to

Flotation
7. Gas Formation Rate Required To Float

Capsule
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is required before transport to man's

TABLE 3.6. Basic Failure Elements environment can be initiated. How-
for Extraterrestrial ever, a barrier failure does not nec-
Disposal Concepts

essarily result in release of waste
Failure Element  materials into man's immediate envi-

Number Description 

1. Capsule Ruptured During Ascent from 
ronment where exposure takes place;

Shuttle Explosion
2. Accident Occurs on Launch Pad transport mechanisms are required.
3. Release Occurs During Emergency Return
4. Capsule Not Recoverable as a Result of The primary transport mechanisms

Accident in Earth Orbit
5. Accident Occurs After Earth Orbit Achieved are naturally occurring water and air.
6. Capsule Fails Before Recovery
7. Caosule Not Recoverable Following Reentry In most cases, transport by water
8. Capsule Fails from Design or Fabrication

Defect will be through soils and/or rock
9. Shield Damaged by Accident Causing Reentry

Failure with extensive chemical interaction
10. Uncertainty in Behavior of Capsule in

Firal Trajectory Results in Return (ion exchange) taking place. The
11. Capsule Survives Reentry But Criticality

Occurs on Water Immersior, quantities, rate, and timing of radio-
12. Capsule Fails in Atmosphere from Accident

Damage isotopes entering man's environment
13. Shield Fails upon Reentry from Waste

Interaction will depend on a host of parameters
14. Shield Ruptured from Meteorite Bombardment
15. Guiaance System Fails During Powered such as the rate of release of radio-

Ascent
16. Crew Jnable To Overcome Guidance System i sotopes at the source (i.e., solu-

Failure in Powered Ascent
17.  Rocket Failure Occurs During Final Mission bility of waste in groundwater), the

Pnase
18. Attempts To Adjust Final Trajectory Fail flow rate of the water, the distance
19. Launch Pad Accident Generates Fireball
20. Launcn Pad Accident Generates Propellant travelled to reach man's environment,

Fire
21. Launch Pad Accident Generates Fragments the efficiency of ion exchange,22. Launch Pad Accident Generates Blast

Overpressure
23. Launch Pad Accident Causes Capsule To chemical species, etc.

Impact Ground
24. Emergency Landing from Aborted Flight Fails Transport by air could be achieved
25. Propellant Fire from Emergency Crash

Landing Causes Capsule Failure as a result of either a single or a
26. Tug Crew Unable To Dump Propellant Prior

to Emergency Landing two-step process. In the first, an
27. Emergency Crash Landing Generated Frag-

ments Cause Capsule Failure accident could both directly expose
28. Emergency Crash Landing Impacts Unyielding

Surface and Causes Capsule Failure the waste to air and fracture it to

Conditional Failure Propaqat on such an extent that air currents

i. Thermal Design Limit of Capsule to Fireball would resuspend and transport mate-
Exceeded

2. Thermal Design Limit of Capsule to rial. In the two-stage process, it
Propellant Fire Exceeded

3. Strength Limit of Capsule to Fragments is postulated that naturally occur-
Exceeded

4. Strength Limit of Capsule to Blast ring water would transport the radio-
Overpressure Exceeded

5. Strength Limit of Capsule to Ground Impact isotopes to a water (or earth)-air
Exceeded

interface. Resuspension and trans-

port could then occur from the

3.1.2 Transport Mechanisms residues of evaporation.

A11 disposal concepts under study Quantification of the decontamina-

provide substantial containment or tion factors (i.e., radioisotope ad-

isolation barriers to initially sepa- sorption and holdup time) in the

rate the constituents of nuclear transport process requires an

waste from man's environment. A fail- accurate model of the geologic

ure or degeneration of these barriers system.



Sample transport decontamination

factors were calculated for an aqui-

fer 16 kilometers in length flowing

at 30 cm/day in typical western soil.

This calculation (discussed in

Section 3.1.3) assumed that an aqui-

fer penetrated a failed barrier in a

geologic disposal site. Dose reduc-

tion factors were in the range of 10
5

to 106; that is, the calculated doses

to man with soil retention were 5 to

6 orders of magnitude lower than

those without soil retention. The

significance of this calculation is

that for properly sited disposal con-

cepts, the earth itself can provide

major safety factors.

3.1.3 Radiological Evaluations 

3.1.3.1 Introduction 

The high-level solid wastes which

are the focus of the Advanced Waste

Management Methods Study involve com-

plex inventories of radionuclides and

potential pathways of radiation ex-

posure. Adequate risk evaluations of

waste disposal concepts should there-

fore include estimates of radiation

doses which might be received by hu-

mans if releases of such materials

should occur to man's immediate

environment. In addition, the eval-

uations may indicate incentives for

additional radionuclide separations

in high-level waste (waste partition-

ing) to reduce any eventual radiation

exposures.

Radiological evaluation is, as

discussed earlier, only one step in

the overall safety evaluation of

waste management concepts. Each pro-

posed concept for disposal of radio-

active waste may have several po-
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tential modes of release of

radioactive materials to man's

immediate environment, each of which

in turn has associated probabilities

of occurrence, as assessed in the

failure mode analysis. Taking intc

account the effects of storage period

and transport mechanisms on the radio-

nuclide inventory released, an expo-

sure pathway analysis and consequent

radiation dose calculation can be

made. The combination of conse-

quences as measured by the calcu-

lated doses and the probability of

occurrence defines the overall risk.

Assessment of this risk against se-

lected criteria may indicate the need

for modification of the original

concept.

3.1.3.2 Radiation Dose Criteria 

It has - been common practice to use

tables of Maximum Permissible Con-

centrations (MPC) or Radiation

Concentration Guides (RCG) for radio-

nuclides in air, water, and food-

stuffs as measures of significance

for radiological evaluations.

Various hazard or toxicity indices

based on these tables have been pro-

posed for comparisons of radiologi-

cal significance. Such shortcuts

may be permissible if only pathways

and nuclides with a common critical

organ (the body organ receiving the

largest fraction of the appropriate

dose criterion from a given exposure)

are involved. However, where a num-

ber of radionuclides and multiple

pathways of exposure are involved,

the most appropriate assessment and

comparison can be made only by cal-

culating the total radiation doses

to the potential critical organs.



An evaluation chart (Table 3.7)

shows the hierarchy of criteria

(or standards) and their interre-

lationships. The basic standards are

in terms of radiation dose to indi-

viduals or population groups. The

various factors for which data bases

or assumptions are required to trans-

late release rates to doses are

shown in

dary and

derived,

the second column. Secon-

tertiary standards may be

using Standard assumptions,

for application at prior steps in

the evaluation chain. However, the

relative importance of any specific

group of nuclides and exposure path-

way(s) can best be determined by

dose calculations.
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Recommended limits on the radia-

tion doses received by individuals

and population groups have been pub-

lished by the International Commis-

sion on Radiological Protection,(26)

the National Council on Radiation Pro
(27)

tection and Measurements, and the

Federal Radiation Council.*(28,29)

The Atomic Energy Commission dose

limits both for licensees given in

Chapter 20, Title 10, Code of

Federal Regulations,
(30) 

and for its

own operations in AEC Manual Chapter

0524
(31)

are derived from the latter.

Although the published criteria given

by these bodies differ somewhat in

detail, many of the same concepts are

common to all.

TABLE 3.7. Evaluation Chart - Radiation Standards

STEP FACTORS

A. Release Concentration,
Rate of Release

B. Dispersion,
Reconcentration

C. Intake

D. Retention

E. Dose

Meteorology, Biology,
Hydrology, Physical
and Chemical Forms,
Concentration and
Discrimination Factors

Air, Concentration,

Water,‘ {Consumption

Food Y Rate

Fercent Uptake,
Biological Half-Life,
Distribution in Body

Body Dimension, Quality
Factor, Dose Equivalency
Factors, RadshLi

FVAI LIATI (1N STANDARDS

Measurement of
Effluent: Gas,
Liouid

Measurement of
Environmental
Media: Air, Water,
Foods

Diet Surveys,
Studies of Uses of
Environs

Bioassay, Whole-
Body Counting

Dose Calculation for:
Maximum Individual,
Population Average,
Adult, Child

Release Guides

MPC MPCw' a'
Concentration Guides

Intake Ranges - FRC
Maximum Permissible Rate
of Intake -ICRP

Reduction Factors for Gaseous
Concentrations - 10CFR50

Maximum permissible
Body Burden - ICRP

10CFR20
FRC Reports
NCRP Reports
ICRP Reports

*Functions now absorbed by the Environmental Protection Agency.
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Although recommendations of the

ICRP and the NCRP were developed pri-

marily for occupational radiation ex-

posure, they were later modified and

applied to nonoccupational exposures

of populations. All of these rec-

ommended limits are based upon con-

trolling the radiation dose to the

individual, whether a radiation

worker or a member of the general

public. A11 derived concentration

limits are ultimately based on limit-

ing radionuclide intake and direct

exposure, so as not to exceed some

prescribed dose limit. Inherent is

a principle of long standing in

radiation protection work--that all

unnecessary radiation exposure should

be avoided. In recent terminology,

radiation exposure should be kept as

low as technically and economically

practicable.

Applicable radiation dose cri-

teria consider not only potential

effects on the health of individuals,

but also the potential genetic bur-

den for the population as a whole.

As a result, the ICRP and NCRP have

in the past included a recommendation

that the general public should not

receive more than 5 rem per 30 years

(the mean age of childbearing) from

manmade sources other than medical,

with the dose delivered at a fairly

uniform rate. Recent publications

discuss the probabilistic health and

mortality risk from low-level chronic

radiation exposure to the general pub-
(32,33)lic, for which the appropriate

a.

measure of risk is the accumulated

dose to the entire population. Since

the radiosensitivity of the various

parts of the body differs, the dose

to each organ should be calculated

separately and compared to

criterion for that organ.

whole body dose(a) must be

a dose

Further,

calcu-

lated separately and compared to a

whole body dose c'riterion.

Little guidance is available

on limiting doses to the public from

accidents which result in long-term

chronic exposure. The Federal Radia-

tion Council did publish guidance for

action levels based on projected doses

from Sr-89, Sr-90, 1-131 and Cs-137

released totheenvironment from

accidents."4'3ooI These so-called

Protective Action Guides were defined

as projected doses at which correc-

tive actions should be instituted to

significantly reduce the potential

doses to the public. Such Protective

Action Guides do not seem applicable

in the current situation where a •

postulated accident sequence of low

probability could result in long-term

chronic exposure of the public in a

manner which could probably be

effectively controlled after the fact.

In essence then, it appears that

at this time the only radiation dose

guides which can prudently be applied

to long-term waste management situa-

tions are those recommended for normal

operations of nuclear facilities.

The current trend in regulatory

guidance for radiation protection in

It is sometimes overlooked that the whole body dose is not the sum of doses
to individual body organs; it has a significance of its own, although
basically related to effects on the blood-forming and gonadal tissues.
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the United States is to provide numer-

ical definitions of "as low as practi-

cal" radiation doses for specific nu-

clear activities. Such a definition

for long-term radioactive waste man-

agement would require reconsideration

of the listed dose criteria, as would

the allocation of a population dose

increment specifically to waste man-

agement activities. Even though

these or other considerations might

result in significantly lower numeri-

cal dose standards, the relative

acceptability of the alternative

waste disposal concepts is unlikely

to change.

Consideration was also given to

the possible translation of radiation

dose to increased mortality and ge-

netic effects, using the recent

BEIR(33) or UNSCEAR(32) reports as a

basis. It was the decision of the

working group not to attempt such a

conversion at this time. Again, such

attempted conversions would not be

likely to affect the relative accept-

ability of alternate waste disposal

concepts.

The following maximum dose crite-

ria for waste disposal concept com-

parisons were, therefore, derived pri-

marily from NCRP recommendations, and

secondarily from Chapter 20, Title

10, Code of Federal Regulations and

FRC recommendations. The presenta-

tion of these

that any such

that they are

criteria does not imply

doses are planned nor

necessarily acceptable

if practicable measures can be taken

to reduce the probability of their

occurrence.

TABLE 3.8. Maximum Dose Criteria Used
for Advanced Waste Manage-
ment Concept Evaluation -
mrem/year

Maximum
Individual 

Whole Body 500

A11 Other Organs 1,500

Population
Average

170

500

3.1.3.3 Dose Calculation Model 

The complex ways in which radio-

nuclides may be transferred from one

environmental component to another

are illustrated in Figure 3.11,show-

ing a flow diagram for the calcula-

tion of radiation dose to various

organs of the body which could result

from the release of a single radio-

nuclide to the air or to a water sup-

ply. Each sign (X) in the diagram

indicates multiplication by the

following specific factor required

for the calculation.

Figure 3.11 is taken from refer-

ence (36), which includes a descrip-

tion of a computational dose model

developed and used for calculation of

radiation doses to a regional popu-

lation in the year 2000 from nuclear

power. Extensive use of the model

has been made in assisting the Atomic

Energy Commission's Office of Regula-

tion to prepare Environmental State-

ments for nuclear power reactors.

The integrated model requires ex-

tended time usage of a large digital

computer, but for many nuclides a
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much simplified calculation is ade-

quate. Therefore, a group of rela-

tively short programs(37) has been

developed to permit separate dose

calculations for each of the major

pathways, including a marine environ-

ment. These smaller programs not

only permit ready manipulation of the

input parameters but also solution

with a simple computer language on a

time-shared computer with limited

data storage capability. A typical

small program for calculation of

doses from consumption of foods from

farms irrigated with radionuclide-

bearing water is given in Appendix

3.A, with lists of the factors used

in all of these programs in

Appendices 3.B and 3.C.

Input data that must be provided

for each computation are the dilu-

tion volume for water releases and

the release rates of specific radio-

nuclides to air and water. Joint

frequency tables of wind direction

and speed versus atmospheric stabil-

ity category and sector distribution

of population should also be speci-

fied, as well as any significant

exposure quantities not already

included.

Output tabulations from the sev-

eral pathway calculations give radia-

tion dose to the whole body and other

critical organs for both the maximum

individual and the exposed population

for the distribution specified. Also

given is the percentage contribution

of each nuclide to each dose. Con-

tributions for all pathways may also

be summed with similar percentage

distribution by nuclide and by path-

way. Both annual doses and the total
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doses for a continuous 50-year expo-

sure are given. Examples of dose

summaries are shown in Tables 3.15

through 3.18 of this report.

The dose-pathway models are under

continual review and development, in-

cluding parameter changes as war-

ranted. One improvement in progress

is the inclusion of doses to other

organs of the body following the

slow removal from the lungs of in-

haled insoluble materials (120-day

biological half-life as per the ICRP).

Other potential refinements in the

overall model include use of the

newer lung model developed by an

ICRP Task Group,(38) but not yet

officially adopted by the ICRP.

3.1.3.4 Exposure F%thway Analysis 

Application of an exposure path-

way model based on today's culture,

food, and recreational habits, to

periods of one thousand to one mil-

lion years in the future obviously

involves predicting the unpredictable.

However, if the earth is still occu-

pied

mote

they

by human beings at the more re-

periods, one can assume that

will be breathing air, drinking

water, and consuming foodstuffs from

their environment.

The radiological evaluation con-

cept--applicable in general to any

nuclear installation including opera-

ting plants as well as waste storage

facilities--involves the solution of

an exposure pathway matrix (Fig-

ure 3.11) for each of the nuclides

which may be released from the instal-

lation. Typical dose calculations

include the internal pathways of inha-

lation and consumption of drinking
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water, fish, milk and fresh leafy

vegetables, as well as the external

pathways of air submersion and stand-

ing on contaminated land (from irri-

gation, shoreline deposition, or

airborne fallout).

Doses are calculated for individ-

uals (in mrem) and for the population

(in man-rem), typically within an

80-kilometer radius of the assumed

release point, based on one and on

50 years of continuous exposure. The

50-year dose factor (factor by which

the annual dose from a given nuclide

may be multiplied to obtain the 50-

year total dose) is shown in Fig-

ure 3.12 as a function of r, the effec-

tive half-life in a particular body

organ. The total external and inter-

nal dose is calculated for each of

several organs (lungs, GI-LLI, bone,

thyroid, liver). Internal dose fac-

tors are those used for adults by the

50
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ICRP,(39,40) as is the exposure pe-

riod of 50 years. External dose fac-

tors have been calculated using the

respective radionuclide decay schemes

given in the Table of Isotopes.
(41)

The dose to an individual is cal-

culated for a person whose dietary

and living habits as well as his geo-

graphic location with respect to the

potential release will tend to maxi-

mize his radiation dose. Intake

rates and exposure periods, used

both for individuals and the regional

population, are given in Table3.9,

and are based in large part on diet

surveys and questionnaires used in

Hanford studies.
(42)

For airborne releases, the indi-

vidual doses are calculated for the

location where the annual average

atmospheric concentration would be

the greatest. No allowance is made

in the air submersion or inhalation

50
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TABLE 3.9. Annual Intake and Exposure Assumptions
Dose Calculations

Individual Population

for Radiological

Pathway

Inhalation/Air Submersion 8760 hr 8760 hr
Drinking Water 730 liters 440 liters/person
Shoreline Recreation 500 hr 10 hr/person
Swimming and Boating (a) 200 hr 5 hr/person
Fresh Leafy Vegetables' 36 kg 8 kg/person
Root Vegetables 180 kg 120 kg/person
Other Vegetables and 410 kg 100 kg/person

Fruits
Fresh Whole Milk

(b)
280 liters 140 liters/person

Meat and Poultry 98 kg 48 kg/person
Eggs 30 kg 20 kg/person
Fish 18 kg 2. 4 kg/person
Grains 100 kg 90 kg/person

a. Six months of local vegetables consumed by individual;

b.

three months of local vegetables consumed by persons of
population.
Nine months of grazing on contaminated pasture.

dose calculations for cloud depletion

of radioactivity by deposition or

precipitation scavenging. However,

deposition velocities estimated from

the data of Watson
(43) 

are used for

calculating resultant concentrations

on crops, land, or water. -

Most airborne materials are as-

sumed to be insoluble particulates

for the inhalation pathway while all

materials taken in via the ingestion

pathway (fresh leafy vegetables,

milk, fish, drinking water) are as-

sumed to be soluble in the body. No

allowance is made in the model itself

for removal of waterborne nuclides

by ion exchange or absorption in soil

or sediments, or by filtration at a

water treatment plant. The latter

assumptions undoubtedly introduce a

large measure of conservatism in the

dose estimates and, when warranted,

inclusion of such removal factors can

be made by adjusting the source term.

The fractions of radionuclides in-

gested by the cow that are secreted

per liter in milk are based on those

listed by Y. G. Ng et a1.
,(44) 

but

the referenced values are divided by

two, since the authors state that

their values represent the upper

range of literature values and that

their value for iodine is twice the

average value.
(44) 

The concentration

factors used for radionuclides in

fish and other aquatic organisms were

taken from Thompson et al.,
(45) 

and

Freke.
(46)

The concentrations of radionu-

clides in poultry (and

animals, and waterfowl

ally been found not to

eggs), meat

have gener-

result in

significant doses to man. The dose

calculations, therefore, do not in-

clude these foodstuffs.

Other assumptions used for calcu-

lation of concentrations are listed

in Table 3.10.(47)
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TABLE 3.10. Assumptions and Quantities Used in Cal-
culating Radionuclide Concentrations

CROPS 

• Deposition velocities: Iodine
Other Nuclides

• Irrigation rate - 110 liters/m
2
/month

- lx10
2 

m/sec
- 8x10

-4 
m/sec

• Initial retention on crops from irrigation water or fallout -
25% of total deposition.

• Weathering half-life for radionuclides on crops - 14 days.

• Accumulation period of radionuclides on crops (before harvesting):
Leafy vegetables - 90 days; pasture grass - 30 days.

• Croo yields: Leafy vegetables - 1 kg/m
2
; pasture grass - 1.3 kg/m2.

• Radionuclide accumulation in the

• Mass of soil in root zone

root zone - 25 years.

- 224 kg/m
2
.

• Plant uptake factors from soil used for irrigation mode only.

MILK 

• Water consumption of cow - 50 liters/day.

• Forage consumption of cow - 55 kg/day.

• Inhalation by the cow - insignificant
to milk.

for transfer of radionuclides

SHORELINE 

• Accumulation period of radionuclides in shoreline silt - 1 year.

• Semi-infinite plane source (shoreline).

• Shoreline dose rate - gamma only at 1 meter above surface.

• Ground roughness factor - 0.5.

3.1.3.5 Example of Dose Calcula-

tions 

To illustrate the methodology and

typical computational outputs, a hypo-

thetical geologic disposal case was

used. No attempt was made to treat

a specific disposal site, but typical

parameters for an arid low-population

region were assumed as needed. Simi-

lar calculations for other disposal

concepts were made to a degree needed

to assure applicable methodology;

however, even less information was

available for specific site, release

modes, and needed parameters for dose

calculations for these other concepts.

Initial Source Term 

Key to the calculation of radio-

logical effects is the quantity of

radioactive material including its
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composition and its rate of release.

For the examples discussed here, all

of the nuclear waste generated through

the year 2000 was assumed to be con-

tained at a single location. The

radionuclide inventory, including

fission products, transuranic nuclides

generated in reactor fuels, cladding

wastes, and 0.5% fuel loss, was

generated by the ORIGEN Program.
(48)

This inventory--based on total equiva-

lent fuel processed of 167,000 metric

tons through the year 2000, with a

mixture of reactor and fuel types--

includes 60 nuclides expected to be

present in the high-level wastes

after periods ranging from 100 to

1,000,000 years. The inventories for

all nuclides with mass numbers greater

than 75 are based on Oak Ridge data,

while those for mass numbers below 75

were calculated by Battelle-Northwest

personnel. Tritium from fission and

C-14 from impurities in the fuel were

not included in the waste inventory

(see Appendix 3.D). Ni-59 and Ni-63

were included as cladding impurities,

even though such material may not be

included as part of the high-level

waste.

Geologic Disposal - Soil Retention,

Fractionation and Dose Calculation 

The effective retention and frac-

tionation of radionuclides in soil

columns have been thoroughly demon-

strated and documented [for example,

reference (49)]. Altnough the effec-

tiveness is highly dependent upon

the ion-exchange capacity of the soil

involved, as well as other character-

istics of the soil and solution, the

potentially overruling importance of

the phenomenon makes it desirable to

include it in the dose calculation.

To exemplify the dose calculation

and output details, a single disposal

site with initial release of waste

from the waste canister to ground-

water at 100 years after separation

was used. Eventual release to a

river, with a flow rate of 280 cubic

meters per second (10,000 cubic feet

per second) and providing drinking

water, irrigation, and recreation to

a population of 150,000 was assumed.

The rate of release of the waste

inventory to groundwater was assumed

to be 0.3% per year of the total

waste. As shown in Table 3.11, the

0.3% per year is typical of solid

shapes, such as spheres, cubes or

right circularcylinders, with a

characteristic dimension of 10

centimeters and a leach rate of

10
-4 

g/cm
2
/day (borosilicate glass,

for example). Incorporation of the

waste in larger monolithic solids

(characteristic dimension of 100 cm)

with improved resistance (10-6

gm/cm2/day) to leaching or corrosion,

could reduce release rates a thousand-

fold. Conversely, changes which re-

sult in waste properties with high

leach rates or smaller characteristic

dimensions could result in increased

release rates.

Estimated distribution coefficients

(Kd) and retardation factors Vi/Vw

for movement of selected radioactive

elements through a typical western

desert soil in contact with typical

nonsaline groundwater were as given
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TABLE 3.11. Percent of Waste Dissolved per Year as a
Function of Leach Rate and Waste Solid
Characteristic Dimension

Percent Dissolved per Year

LEACH RATE DIAMETER - cm

g/cm2/day 0.01 0.1 1.0 10. 100.

1E-09 0.37E-02 0.37E-03 0.39E-04 0.45E-05

1E-08 0.37E-01 0.37E-02 0.37E-03 0.39E-04 0.45E-05

1E-07 0.36E-00 0.37E-01 0.37E-02 0.37E-03 0.39E-04

1E-06 0.36E+01 0.36E-00 0.37E-01 0.37E-02 0.37E-03

1E-05 0.32E+02 0.36E+01 0.36E-00 0.37E-01 0.37E-02

1E-04 0.10E+03 0.32E+02 0.36E+01 0.36E-00 0.37E-01

1 E-03 0.14E+06 0.10E+03 0.32E+02 0.36E+01 0.36E-00

1E-02 0.18E+09 0.14E+06 0.10E+03 0.32E+02 0.36E+01

1 E-01 0.18E+12 0.18E+09 0.14E+06 0.10E+03 0.32E+02

1E-00 0.18E+15 0.18E+12 0.18E+09 0.14E+06 0.10E+03

Note: Density of waste mass is ti 3 g/cm
3

in Table 3.12. Table 3.13 gives the

selected composition of the "typical

nonsaline groundwater." The typical

soil selected was a sand of moderate

cation-exchange capacity (about 5

milliequivalents per 100 grams) to

sandy loam containing about 1

milligram of free CaCO3 per gram of

soil and soil oH of 7.0-8.2. An

aquifer through the soil of 16 kilo-

meters in length (from disposal site

to a river) with an average ground-

water flow rate of 30 centimeters

per day was also assumed.

Several simplifying assumptions

were made in the calculations for

transport from the waste repository

to the river. An axial dispersion

coefficient of 0.008 cm2/min was as-

sumed, but transverse dispersion

(typically 0.001 cm 2/min), which

causes plume spreading and lower exit

concentrations, was ignored. A con-

tinuous flow of water was assumed,

with the absence of regions unsatur-

ated in water in the flow path. The

solid surface-to-liquid volume ratios

in the flow path were relatively high,

being characteristic of soil rather

than rock formations. Tracer level

distribution coefficients for radio-

nuclide adsorption were used in the

calculations. Macroscopic concen-

trations of ions in solution such as

from the bulk quantities of fission

products in the repository or from a

bedded salt formation could reduce

the travel times to the river. The

migration rates of daughters in decay

chains were treated by semi-intuitive

engineering estimates.

The remoteness of a repository in

a geologic formation is due to its ad-

sorptive properties, which cause a
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TABLE 3.12. Estimated Distribution Coefficients
in a Typical Desert Soil

Atomic No. Element Kd (ml/g)(a) Vi/
v
w
(b)

1 - 3
3x10-1
lx10-2
2x10
1
1 -3
6x10-2
lx10-4
3x10-3
3x10
3x10_2

-3

lx10
1 - 3
2x10-2
lx10-4
lx10-4
lx10-4
lx10-2
4x10
1

It.)-4
lx10-4
9x10_2
lx10
1

-3
lx10-4
4x10-4
4x10-4
4x10_4
4x10 

-1
lx10-5
6x10-2
2x10_3
9x10
1
1 -3
lx10-3
2x10-4
2x10_5
2x10
6x10_5-5

7x10
-2

lx10-4
1'00' ' -4
lx10-4
3x10

-4
3x10

1 Tritium 0
4 Beryllium 75
6 Carbon 2

11 Sodium 10
17 Chlorine 0
18 Argon 0
19 Potassium 35
20 Calcium 15
26 Iron 150
27 Cobalt 75
28 Nickel 80
34 Selenium 20
36 Krypton 0
37 Rubidium 125
38 Strontium 20
39 Yttrium 2,000
40 Zirconium 2,000
41 Niobium 2,000
42 Molybdenum 5
43 Technetium 0
46 Paiiadium 250
48 Cadmium 2,000
50 Tin 250
51 Antinomy 15
53 Iodine 0
55 Cesiiim 200
61 Promethium 600
62 Samarium 600
63 Europium 600
67 Holmium 600
81 Thallium '-)
82 Lead 4,000
83 Bismuth 10
84 Polonium 25
85 Astatine 0
86 Radon 0
87 Francium 200
88 Radium 100
89 Actinium 1,000
90 Thorium 15,000
91 Proactinium 4,000
92 Uranium 3,000
93 Neptunium 15
94 Plutonium 2,000
95 Americium 2,000
96 Curium 600
97 Berkelium 700

(a) Equilibriwn distribution coefficients between
water ar:d soil.

(b) Relative transport rate of ele7ents in assumed
soil to 'Lnat in water.
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TABLE 3.13. Estimated Composition of Groundwater
Below a Typical Arid Area

Concentration/ppm

pH SO4  NO
I 

Cl HCO3 
Na
+ 

K
+

6.8-8.2 15 1 8 125

+ +
Ca Mg

++

20 5 25 5

delay in the radionuclide discharge

to man's environment after a leaching

incident. This results in a lower

discharge rate because of radioactive

decay. The formation also separates

the radionuclides into chromatographic

bands, so that each discharge peaks

at a different time and thP doses are

not additive. Axial dispersion of

the water in the aquifer also can re-

duce exit radionuclide concentrations

by a hundredfold by spreading the

chromatographic bands. Thus the dis-

charge rate from the aquifer is not

necessarily proportional to the leach

rate at the repository. Finally, the

daughters in a decay chain do not dis-

charge in discrete chromatographic

bands but are spread out over hundreds

of thousands of years, greatly

reducing their discharge concentration

and making them less significant as

dose factors. A11 of these effects

are highly dependent on the chemical

and hydrologic properties of the flow

path, which can vary widely with

formation type or from site to site

in a given formation.

Using methods given in Reference

(50), a mathematical model was de-

rived and programmed for computer

solution. Arrival time at the river,

time of maximum concentration enter-

ing the river, and duration of release

into the river were calculated for

the more important dose contributors.

Figure 3.13 and Table 3.14 give par-

tial results of these calculations,

made at periods selected for peak

concentrations of those contributors.

Tha rosults are tabulated in

Tables 3.15 through 3.18.

From Tables 3.16 through 3.18 it

can be seen that both the annual and

50 year doses to the Maximum Individ-

ual and the population result in most

instances from only a few radionu-

clides. The particular nuclides

change with time after separation.

For example, at 100 years, Tc-99 pre-

dominates for all organ dose except

the thyroid where the dose is primar-

ily from 1-129. At 1,000 years,

Se-79 and Np-237 are the principal

contributors to the dose, and at

10,000 years the Sn-126 and Cs-135

are the major dose contributors. At

100,000 years Zr-93, Sn-126, Cs-137

and the U-233 chain are

portant radionuclides.

chain becomes important

the most im-

The U-234

at 1,000,000

years and greater for all organs

listed except for the GI-LLI dose,

where the Zr-93 is still contribut-

ing a measurable fraction of the

dose.
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TABLE 3.14. Arrival Times and Peak Discharge Rates
of Selected Radionuclides from Aquifer
with Soil Retention

Release Rate - 0.3% per year
Mean Flow Rate - 30 cm per day
Distance to River - 16 km

Major Inventory at Time of Peak Discharge Rate Other
Nuclide 100 Years - Ci Discharge - Years Ci/Yr  Nuclides 

99
Tc 2,800,000 480 7,800

1291 8,000 24

79
Se 97,000 9,400 4.7

237
N1D 73,000 4.5

135

0.23 59
0.07x7

Cs 85,000 94,000 0.44
0.34 

59
Ni

0.32 126sn

242
Pu 620,000 1.5x10

3
93

1.1x10-1 Zr
4.1x10-3

-3 
piCs
33.9x10_ 1 . U

2.0x10 -
107
233

Pd
4.5x10-4 126

U
1.6x10-4 229

Sn
1.0x10

-5 231
Th

6 x10 Pa
4 x10

-5 230Th

236
U 6,200 1,300,000 2.3x10

-2
3

7.2x10
- 

210Pb
2.0x10

-3
3 93

1.2x10 24trina
p 

5.nx10
4 726224u, ..4 

4.5x10 - Ra
9.1x10 _
2.2x10

u1. 
-

n

,
x10 

-n
,

8.4x10'
6.2x10

-6

6.1x10
-6

238
U

233,
230'

Th
235
107'Pd
126,

5n
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TABLE 3.15. Annual Radiation Dose to a Maximum
Individual from Hypothetical Fraction-
ated Discharge to Surface Water, with
Initial Release to Groundwater 100
Years After Disposal

Source Release Rate - 0.3% per year

Time After Initial
Release (Years) 48C 9,400 94,000 620,000 1,300,000

A. WHOLE BODY - Dose Criterion 500 mrem

Total Annual
Dose - mrem 0.44 0.24 0.12 0.0002 0.0012

Dose Contribution
by Nuclide
79Se 0.02
99Tc 0.40
1 26Sn+D 0.11 0.00005
1291 0.04
13505 0.01 0.00009 -
2330 Chain 0.00004 -
2340 Chain - 0.00001 0.0012
237,4,0D 0.22 -
Others(a) 0.005 0.002 0.001 0.00001 .0.00001

a. GI (LLI) TRACT - Dose Criterion 1500 mrem

Total Annual
Dose - mrem 49. 0.3 0.15 0.0005 0.0004

Dcse Contribution
by Nuclide
713se 0.02
971 ZrYD 0.0002 0.0001
99Tc 49.
126sb...0 0.15 0.0001
233U Chain 0.0001
7340 Chain 0.0002
237Np+D 0.23
Others(a) 0.5 0.01 0.01 0.0001 0.0001

C. THYROID - Dose Criterion 1500 mrem

Total Annual
Dose - mrem 38. 0.22 0.1) 0.0001 0.0001

Dose Contribution
by Nuclioe
128Sn+0 0.10 0.00005
1291 38.
2330 Chain 0.00004
2340 Chain 0.0001
2379'4+0 0.22
Others(a) 0 01 0.002 0.001 0.30001 ‹o.onol

D. 80NE - Dose Criterion 1500 mrem

Total Annual
Dose - mrem 1.0 0.25 0.23 0.0005 3.003

Dose Contribution
by Nuclide
99Tc 1.0
126sn+D 0.25 0.0001
135Cs 0.03 0.0003
2330 Chain 0.0001
2344 Chain 0.003
2371000 0.24
Others(a) (0.1 0.01 0.01 ,0.0001 ,0.0001

E. LIVER - Dose Criterion 1500 mrem

Total Annual
Dose - mrem 1.5 0.34 0.13 0.0004 0.0006

Dose Contribution
by Nuclide
79Se 0.11
99Tc 1.5
126sn+0 .3.10 0.0001
135Cs 0.03 0.0003
2340 Chain 0.0006
237t009 3.23
Others,A 1 0.01 3.31 0.01 0.3001 0.3301

(a) May include small contributinns from nuclides for wnicn (-)
is shown.
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TABLE 3.16. Annual Radiation Dose to Assumed
Population from Hypothetical
Fractionated Discharge to Surface
Water, with Initial Release to
Groundwater 100 Years After
Disposal

Time
Renease

Source

4fter Initial
(Years)

WHOLE BODY - Jose

Release Rate -

480 9,400 94,000

Criteria 25,000 man-rem

0.3% per year

620,000 1,300,000

Total Annual
Dose - man-rem 29. 2.0 0.67 0.0026 0.053

Dose ContrIbution
oy NucliJe
59Ni 0.03
795, 1.2
9gTc 27.
126sn..0 0.40 0.0002
1291
135c, 0.24 0.0022
2330 Chain 0.0002
234u Chain 0.053
237Np.o 0.7
9tners(a) O. 0.1 0.31 0.0001 0.001

3. TRACT

T,tal Annual 3,200 5.5 1.4 0.013 0.010
Jose - man-rem

Dose Contribution
oy Nuclide
795e
99Zr.0 ').066 0.004
99Tc 3,200 -
107nd 3.1 O.t701
1265n.0 1.3 9 001
2330 Chain 0.001
2340 Chain 2.002 0.005
2360 0.901
23750.0 4.0 -
242Pu

- 
0.001

Others(a) - 30 0.1 0.1 0.001 :0.001

C. THYROID

Total Annual
Dose - man-rem 2,400 0.71 0.32 0.0003 0.0004

Dose Contribution
by Nuclide
14c - 0.04 -
126Sn•O 0.32 0.0001
1291 2,400 -
2330 Chain - 0.0001
2340 Chain - 0.0004

237NOOD 0.66
Others(a) ;0 0.01 0.093 0.0001 :0.0001

D. BONE

Total Annual
Dose man-rem 58. 2.3 4.3 0.008 0.12

Jose Contribution
by Nuclide
14C 0.2
598i 0.1 0.2
99Tc 63.
126Sn*D 3.5 0.002
106Cs 0.6 0.005
2340 Chain 0.12
207Np•D 1.3
Others(a) 0.2 0.04 0.001

E. LIVER

Total Annual 100 8.3 1.1 0.006 0.019
Dose - man-rem

Dose Contribution
by Nuclide
531,0

79Se
997-c 99.
126Sn*D 9.4
135c, 0.6 0.005
2340 Chain 0.019
237N"D 0.7
Otners(a) l. 0.2 0.1 0.D01 0.001

(a) May include small
is shown.

contribution from nuclides for which a (-)
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TABLE 3.17 Fifty-Year Radiation Dose to a Maximum
Individual from Hypothetical Fraction-
ated Discharge to Surface Water, with
Initial Release to Groundwater 100 Years

Time
Release

A.

After Disposal

Source Release Rate - 0.3%

After Initial 480 9,400 94,000
(Years)

WHOLE BODY - Dose Criterion 25,000 mrem

per year

620,000 1,300,000

Total Dose
mrem

1.2 0.65 0.30 0.0005 0.01

Dose Contribution
by Nuclide
79Se 0.05
99Tc 1.1
126sn+D 0.27 0.0001
1291 0.1
135Cs 0.02 0.00U2
233U Chain 0.0001
234U Chain 0.01
237Np+D 0.60
Others(a) <0.01 <0.01 0.01 0.0001 <0.0001

B. BONE - Dose Criterion 75,000 mrem

Total Dose -
mrem 2.6 1.8 0.75 0.002 0.10

Dose Contribution
by Nuclide
59Ni - 0.02
99Tc 2.5
126Sn+D - 0.65 0.0004
1291 0.05 -
135Cs - - 0.08 0.0008
233U Chain - 0.0005
234U Chain - - 0.10
237Np+D 1.8 -
242Pu - 0.0002
Others(8) <0.05 <0.05 <0.01 0.0001 <0.001

C. LIVER - Dose Criterion 75,000 mrem

Time After
Initial Release
(Years) 480 9,400 94,000 620,000 1,300,000

Total Dose -
mrem

3.8 0.95 0.35 0.001 0.008

Dose Contribution
by Nuclide
79Se 0.28
99Tc 3.8 -
126sn+D 0.27 0.0001
135cs 0.08 0.0007
233U Chain 0.0001
234u Chain - - - 0.008
237Np+D - 0.67 -
Others(a) <0.1 -0.01 <0.01 0.0001 <0.0001

(a) May include small contributions from nuclides for which a (-)
is shown.
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TABLE 3.18. Fifty-Year Radiation Dose to Assumed Population
from Hypothetical Fractionated Discharge to Sur-
face Water, with Initial Release to Groundwater
100 Years After Disposal

Source Release Rate - 0.3% per year

WHOLE BODY - Dose Criterion 1,300,000 man-rem

Time After Initial
Release (Years) 480 9,400 94,000 620,000 1,300,000

Total Dose - man-rem 1,500 160 38 0.16 10

Dose Contribution
by Nuclide
59Ni 3 5
79Se 61
99Tc 1360
126sn+D 20 0.010
129/ 130
1 35Cs 13 0.12
231Pa+D 0.003
233U Chain 0.017
234U Chain - - 10
237Np+D 95
242Pu 0.005
Others() 10 2 (OA 0.005 <0.1

(a) May include small contributions from nuclides for which a (-)
is shown.

Interpretation of Dose Tables 

As discussed in Section 3.1.2.2,

a dose criterion is shown in each

table where appropriate. However,

since the cases are hypothetical, the

only conclusions that should be drawn

concern critical nuclides, prevailing

exposure modes, and relative impor-

tance of the several parameters.

Although many nuclides contribute

to the calculated doses, only those

contributing more than 1% of

the total organ dose are shown in

each table. For nuclides with only

one or two daughters, and when the

half-life of the daughter nuclide(s)

is shorter than the parent's, only

the parent (with the notation +D)

is listed, e.g., Zr-93+D, Sn-126+D,

Am-243+D. Decay chains are listed

separately when the half-life of the

daughter(s) is greater (by a factor

of 10 or more) than the parent's.

Thus, Pu-239, Pu-240, and Am-241 are

shown separately from their longer-

lived daughters U-235, U-236, and

Np-237, respectively. Since the ura-

nium isotopes are generally much

longer-lived than any of their daugh-

ters, they are listed as a chain

(e.g., U-233 Chain), indicating that

the dose from the parent and all daugh-

ters was included in the calculation.

Calculated whole body doses are

shown in all dose tables, but doses

are shown only for those other organs

of the body believed to be poten-

tially critical organs, considering
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the mixture of radionuclides and the

modes of exposure. The model pro-

vides dose calculations in every

case for whole body, gastrointestinal

tract, bone, lungs, liver, and thy-

roid. Other body organs, such as the

skin or kidney, may be added if

warranted.

Other Concepts 

Test calculations were tried for

other disposal concepts,

same computational model

different assumptions as

using the

but with

to mode of

release and exposure pathways.

Geologic Disposal - Atmospheric 

Release: For atmospheric releases

from a geologic disposal site, a popu-

lation distribution and time-averaged

meteorological data are required by

geographic sector. Two population

distributions with an 80-kilometer

(50-mile) radius were used, one a

typical urban population(51) of 1.5

million people that has been used in

environmental impact studies for the

Office of Regulation, and the other

a rural population of 170,000 people.

A different set of meteorological

parameters was used with each popu-

lation case. Meteorological data

from an actual midwestern reactor

site were used for the urban case,

while the Hanford tower meteorologi-

cal data were used as being typical

for an arid western region.

Population and meteorological

parameters for each case are listed

in Appendices 3.E and 3.F.

The point of release in each case

was assumed to be at the center of

the grid. The test case assumed no

retention on soil, but a smaller

fraction released. No specific re-

lease mechanism was postulated.

For the test case for both an

individual and the total population,

inhalation would be the dominant path-

way and the lung the critical organ.

By far the most significant nuclides

for release after 100 years storage

would be Sr-90 and Ce-137, the ameri-

cium after 1,000 years and uranium

daughters (including those derived

from plutonium and americium) at

100,000 years and longer periods.

It is interesting to note further

that the calculated doses for the

100-year storage are generally at

least three orders of magnitude

greater than the values for longer

storage periods.

Ice Sheet Disposal: Dose calcu-

lations were tested for radionuciides

released from an ice-sheet disposal

site into the pcean off the coast of

Greenland. It was assumed that a

failure of the disposal system would

release 0.3% per year of the total

inventory available into the Green-

land current of 8x106 m
3/sec

(52) 
and

that complete mixing would occur

rapidly in the ocean.

The pathway to man was assumed to

be nearly all via fish consumption.

An Eskimo consuming 100 kg/yr of fish

caught in these waters was considered

to represent an individual receiving

the maximum dose. A population dose

was estimated assuming that the total

fish catch from the North Sea in 1965,

3.2x10
9 

kilograms
(53) 

was consumed by

a human population of 150,000,000

people, and that all these fish had

lived in the waters contaminated by

the radionuclide release. Consump-

tion weight was taken as half the

live weight.



For this hypothetical case; indi-

vidual doses would be comparable

with those from

site release to

doses would not

ever, since the

a geologic disposal

a river. Population

be comparable, how-

size of the exposed
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population for the ice sheet calcu-

lation could be 1,000 times the

exposed population for a ground dis-

posal case. The release rate of 0.3%

per year may not be realistic, but

was used to provide a comparison.

Seabed Disposal: As a test, em-

placement in the North Pacific Ocean

was assumed, with similar release

modes to the open ocean. Exposure of

people would presumably be almost

enti-rely via the pelagic fishery, but

with a larger potential population.

Calculated doses for this hypotheti-

cal case and critical nuclides would

be very timilar to the Ice Sheet case.

These dose calculations are highly

dependent on the assumed rates of re-

lease to the ocean from beneath the

ice sheet

lution by

chosen is

other sea

or seabed and rate of di-

the ocean. The example

a very simple pathway;

disposal concepts, espe-

cially near shorelines in more tem-

perate zones, would involve much

more complex pathways and signifi-

cantly higher individual doses.

Extraterrestrial Disposal: As an

example only, dose consequences were

estimated for hypothetical reinser-

tion of a waste capsule into the

earth's stratosphere after 100 years

in earth orbit (or the equivalent,

burnup during orbital insertion after

100 years' storage). Complete dis-

posal in one hemisphere was assumed

with a 1-year half-life in the

stratosphere before transfer to the

troposphere. The dose pathways are

very similar to those for a direct

atmospheric release case, but with a

uniform exposure to the hemispheric

population instead of a non-uniform

exposure emanating from a point

source.

The dose to the average individual

from a stratospheric burnup after

100 years' storage in earth orbit -

would be much lower than those cal-

culated from an atmospheric release

from a point ground disposal source.

For the ice sheet, seabed sites,

and extraterrestrial disposal, the

political impact of even small doses

on a global scale must of necessity

be considered in the overall concept

evaluation. In addition, evaluations

of these concepts should take into

account the fact that, where global

dispersion mechanisms are involved,

nuclear waste disposal for all coun-

tries rather than a single country may

involve radiation doses considerably

higher than those calculated from

the single waste inventory considered

here.

Transmutation: Dose calculations

have not been made specifically for

a transmutation case. For the re-

sidual wastes therefrom, the methods

used here would be applicable.

Other standardized methods exist for

the safety evaluation of other steps

in the transmutation cycle such as

reactor accidents.

Extrapolation of Results 

It must

calculated

valid only

As studies

be re-emphasized that the

doses shown here are

for the parameters chosen.

provide more specific

characterization of site parameters,

fault-tree end points, release rates,
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and partitioning of nuclides by

natural processes, more realistic

dose estimates can be made.

Once dose calculations are made

for a hypothetical or normalized

case, however, ready extrapolation

can be made for different values of

some parameters. Table 3.19 indi-

cates which of these parameters

may be linearly extrapolated ("Yes")

and which would require additional

dose calculations ("No"). For exam-

ple. Table 3.15 shows annual radiation

doses to a maximum individual. A

relatively small whole body dose of

0.4 mrem is calculated, almost all

from Tc-99. If via a partitioning

process, 90 percent of the Tc-99

were removed from the waste before

disposal, one would properly esti-

mate the whole body dose to the same

individual as being reduced to,less

than 0.1 mrem/year. If other radio-

activity-containing food sources, on

the other hand, were introduced into

this individual's diet, it would be

necessary to go back to the dose

model to calculate the resultant

change in dose received.

3.1.4

The

bility

Risk to Man 

sample calculations of proba-

given in Table 3.3 can be

multiplied by doses such

shown in Tables 3.15 and

tain a hypothetical risk

as those

3.16 to ob-

of radiation

dose to man from the disposal con-

cept. The maximum measure of risk to

an individual from the given failure

mechanisms and pathways would then be

in the range of 10-14 to 10-10

mrem/year to the whole body during

the operational period, 10-10 to 10-6

mrem/year at 1,000 years after dis-

posal, and 10-6 to 10-3mrem/year at

1,000,000 years after disposal.

TABLE 3.19. Linearity of Dose Calculations with
Various Parameters

Parameter

Weight fraction or activity
density in waste - individual
nuclide

Release rate - bulk waste

Fractional removal -
individual nuclide

Stream flow for dilution

Fraction of population using stream

Air, food, or water intake rates
or exposure period

Population size - no change in
sector distribution

Population - change in sector
distribution

Meteorological parameters

Marine versus freshwater environ-
ment

Dose Linearity 

Yes, for dose contribution from
that nuclide.

Yes

Yes, for dose contribution from
that nuclide.

Yes

Yes

Yes, for contribution from indi-
vidual pathways.
No, for total doses calculated.

Yes, for population dose only.
(No change for individual doses).

No

No

No
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Similarly, the risk to the affected

large population group would be less

than 10
-8
, 10

-4
, and 10

-1 
man-rem/year

during the same respective three

time periods.

The previous sections demonstrate

the methodology for calculating the

probabilistic risk to man from

radioactive waste disposal. For

actual application of risk calcula-

tions, analyses will be required for

specific concepts, sites, and opera-

tions. In addition, the risks from

all major mechanisms and pathways

must be summed to obtain the total

calculated measure of risk.

An alternative measure of risk

would be derived from estimation of

harmful effects (deaths or illness)

on people from the celculated radia-

tion dose increments associated mith

each disposal concept. Recent stud7

ies sponsored by the United Nations

Scientific Committee on the Effects

of Atomic Radiation (UNSCEAR)
(32)

and by the U.S. Environmental Pro-

tection Agency (BEIR)
(33) 

address

what is known and what is assumed

concerning the radiation dose/radia-

tion effects of chain low-level

radiation exposures. Considering the

large uncertainties in the derived

conversions and the problem of making

equivalent conversions for radiation

doses to different organs of the

body, we have chosen not to attempt

estimates of harmful effects for

these concept comparison studies.

Attempts have been made by others

to place a dollar value on estimates

of increased harmful effects on peo-

ple to provide a more direct method

of comparisons than the above. Such

a procedure involves not only still

larger uncertainties, but the basic

philosophical question of equating

dollars to human lives, and is not

being considered for these studies.

3.2 CONCEPT COST ANALYSIS 

This section describes the cost

evaluation methodology and the dis-

posal concept costs developed to

evaluate various waste disposal

options on a consistent basis from

the perspective of total waste manage-

ment systems. The cost evaluations

were achieved by performing the

following tasks in the order shown:

1. The assumptions required to

develop uniform cost bases for alter-

native disposal concepts were

defined.

2. A waste disposal cost model

suitable for analysis of the alter-

native disposal concepts was

developed.

3. Cost estimates for each alter-

native concept were developed using

1973 dollar values.

4. Total system costs for each

concept were developed by including

all disposal-related operations that

precede the final disposal process;

for example, any added spent fuel

transport required, interim liquid

waste storage, partitioning, solid-

ification, interim solid storage, etc.

5. A

elements

from the

summary of the various cost

for each disposal concept,

perspective of a total waste

management system evaluation, was

prepared.

The information developed for each of

these tasks is discussed in the sec-

tions that follow.

The concept costs considered here

include only the costs directly re-
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lated to implementing each specific

concept. The costs ao 'lot include, for

example, the Research and Development

costs requlred to being the concept

feasibility ztatos 17 -, the point of

practicai application. Nor do the

costs incluao the coriaaration ot

possible costs to society :7`..at might

result from occupational or potoulaton

radiation exposure or cosY, that mignt

result from particular environmental

impacts These are -osts tat should

be considered in the final selection

process, but they may not all be eas-

ily expressed in consistent monetary

units and can be considerea separately

from the direct costs of implementa-

tion. Where they are considered, it

is important that all impiications be

identified and that the full societal

costs be born by each concept.

It should be emphasized tnat the

cost estimates developed in this

study are of necessity preliminary

and amenable to furtner optimization

within each concept. The results

identify the general magnitude of dis-

posal costs for each concept and

point out the important cost compo-

nents. These results will provide a

basis for future more detailed design

and cost evaluation studies that will

permit them to focus on the most sig-

nificant cost components and on the

most promising concepts.

It is worth noting at the outset

here that although they require very

large expenditures, even the most

costly of these waste disposal con-

cepts would have only a minor impact

on electric power generating costs.

With the present search for reliable

and environmentally sound energy

sources, it may be possible to jus-

tify costs significantly greater than

those considered here. In the follow-

r-iq discussion, the waste disposal

coraepts are evaluated on the basiz

r.c costs for disposal of waste gener-

a -ce over :11e 25-year perio frr.,7

1900 thrsush 2004. Assuming nulear

power generating costs would average

10 mi1lsik-hr. the total cost tor

nociear power ner.erated over thi s

ocriod would ap2roach $10
6 

million.

Wer the large costs oc the waste

disposal aoncepts are viewed from the

perspective cf total generating Lusts

tne;. are not i11 unreasonable.

3.2.1 General Assumptions and

Definitions of Waste Disco al 

Concepts 

To orovide a bazis for cost com-

parisons, a reference design Wds de-

fined for each disposal concept. The

reference design assumptions were not

necessariiy optimum but are beiieved

to be reasonable. Further studies

are needed to optimize any concept.

The general assumptions applying to

each reference design were as follows:

1. The reference plant faciiity

for each disposal concept is sized

to handle the high-1ey,0 waste from

a plant reprocessing LWR fuel oper-

ating at 5 metric tons a day or 1,825

metric tons a year over a 25-year

lifetime. Total fuel processed

during the 25 years is 45,625 MT.

2. Fuel exposure is assumed to

be 33,000 MWd/MT.

3. Approximately 210 liters (7.5

cubic feet) of high-level liquid

waste are generated for every metric

ton of spent fuel reprocessed at

33,000 MWd/MT.
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4. Solidified waste is assumed to

be a borosilicate glass type with a

volume of 56.6 liters (2 cubic feet)

of waste glass per metric ton of fuel

reprocessed.

5. Dimensions of solidified waste

canisters are 30.5 centimeters (12

inches) in inside diameter by 3.05

meters (10 feet) long. The solid-

ified waste fills 2.44 meters (8

feet) of the canister. The amount

of solid waste contained in a canis-

ter is 18n liters, or 6.28 cubic
feet. The canisters are made of 1.27

centimeter thick (0.5 inches) mild

steel, unless otherwise specified for

a specific disposal concept.

6. The number of canisters re-

quired to handie the waste generated

over the 25-year life of the 5 MT/day

reprocessing plant is 14,522. The

maximum disposal rate is 20 canisters/

week.

7. Heat generated per canister at

the time of waste solidification,

5 years after reprocessing, is 3.39

kilowatts.

8. High-level liquid waste is

available for treatment and ultimate

disposal immediately after produc-

tion in the fuel reprocessing

operation.

9. If not disposed of as liquid,

the high-level waste is solidified

after 5 years of interim liquid

storage.

10. High-level solid waste is

stored for 5 years and is not avail-

able for disposal until 10 years

after waste generation at the repro-

cessing plant.

11. Where concepts require waste

partitioning, the partitioning is

done 5 years after reprocessing.

The various basic concepts that

have been evaluated can be classi-

fied as follows:

Geologic 10 concepts

(with some variations)

Seabed

Ice Sheet

Transmutation

Extraterrestrial

3 concepts

3 concepts

1 concept

2 concepts

Detailed descriptions .of each concept

are given in Sections 4 through 8

this report.

in

3.2.2 Waste Management Cost Model 

Before discussion of the economic

model used for the comparative cost

calculations in these studies, it

should be noted that there is concern

that economic analysis techniques

alone probably do not adequately mea-

sure the differences between waste

management systems which involve

commitments over very long periods of

time. Techniques of modern economic

analysis were developed to handle

problems concerned with a relatively

short period of years, say 10 to per-

haps 50 years, compared to hundreds

of years for some waste management

systems. Obligations more than a few

years in the future become insignifi-

cant in present worth analyses. For

example, the present worth of a con-

tinuing series of uniform annual

costs with a 101 discount rate

reaches 75% of its ultimate present

value in 15 years, 90% in 25 years,

and 991 in 50 years. Even though one

concept may have obligations extend-

ing over centuries while another may

terminate any obligations at the

50th year, present-worth economics

may differentiate very little between



these two systems if they have simi-

lar expenditure patterns for the

first 50 years. Thus the require-

ment of some waste management con-

cepts for future generations to

accept commitments imposed by an

earlier generation is a factor that

must be set apart and judged sepa-

rately from the economic analysis.

In this analysis, waste disposal

concepts are compared on the basis

of levelized total unit costs. The

levelized total unit cost or charge

is the single charge that could be

assessed over the entire life of a

project against each unit processed

that would, regardless of fluctu-

ations in processing rates and ex-

penditure patterns, recover all oper-

ating expenses as

investment plus a

rate of return on

well as the initial

specified interest

the investment.
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The calculation procedure involves a

modification of the discounted cash

flow procedure widely employed to

determine return on investment. The

interest rate of return is the inter-

est rate that results in the dis-

counted net-cash-flow equalling zero

over the economic life of the project.

Likewise, the levelized total unit

cost or charge is the charge for the

service that results in the net cash

flow equalling zero for a specified

rate of return over the economic life

of the project.

It is the single charge that sat-

isfies

Sum

Sum

the following relationship:

of Present. Worth Income =

of Present Worth Expenditures

n n
2: f

n(Income)n = 1:fn
(Expenditures)

n

where:

fn = present worth factor

for the n
th 

year.

Levelized unit charges were devel-

oped for each ultimate disposal con-

cept based on handling all the waste

generated by the nuclear power indus-

try for a 25-year period starting in

1980, which is undoubtedly earlier

than any of the final disposal

cepts could be activated. The

year period 1980-2004 provides

sonably long period over which

con-

25-

a rea-

waste

disposal requirements can be project-

ed with a relatively high confidence

level. Use of these projected re-

quirements permits comparison of

disposal costs on a sufficiently

large and realistic scale to permit

any advantages of scale to be re-

flected in the cost comparisons. An

existing computer program was modi-

fied to handle the levelized charge

calculations for each final disposal

concept.

The final waste disposal facility

is assumed to be a federal government

operated facility. To take advantage

of the economies of large-scale oper-

ations, it was assumed that only one

facility would be in operation at

any specific time. This would not

always be an advantage, particularly

for the liquid waste disposal con-

cepts; but in that case the scaling

advantage is slight and multiple

sites would not appreciably affect

the cost estimates. No chemical pro-

cessina would be done at the govern-

ment disposal facility. All opera-

tions prior to this are assumed to

be carried out by a fuel reprocessor

as an integrai part of his profit-

makina enterprise.
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In some cases it was convenient

to visualize the capacity of the dis-

posal facility in terms of total

waste disposal capacity rather than

in terms of processing rate. For

example, the reference plant size of

5 MT/D with a life of 25 years has a

lifetime capacity for 45,625 metric

tons of fuel or 14,522 standard can-

isters of solidified waste. For a

facility of this size the amount of

contained waste material is the same

whether it is filled in 10 years or

25. Operating costs during the pe-

riod of filling would, of course,

vary according to the rate of filling.

It would be possible to build one

large facility to accept all the

waste to be generated over the entire

25-year period. However, near-term

capital requirements would be unrea-

sonably large. For this analysis it

was assumed that a new disposal fa-

cility would be built every 10 years

(either at the same or a new site)

with a capacity for the next 10 years

of waste. This period is referred to

as the look-ahead period: whenever a

new facility is needed, a look ahead

at the next 10 years of disposal

requirements determines the size of

the new facility.

Since the disposal facility capac-

ity requirements for these calcula-

tions do not conform to the refer-

ence plant capacity used for

conceptual design of the waste dis-

posal systems, it was necessary to

develop scaling factors for both

capital and operating costs to adjust

reference plant costs to costs for

the required plant size. The scaling

factors were developed by obtaining

cost estimates for facilities having

ten times the

ence plant as

plant itself.

ship was used

capacity of the refer-

well as the reference

The following relation-

to calculate the

scaling factors:

where:

( 

Sp

_2) 
Cc2)

P 1

(2)

P 1 = Capacity of Plant No. 1

P2 Capacity of Plant No. 2

C 1 = Cost for Plant No. 1

C 2 = Cost for Plant No. 2

S = Scaling factor.

Scaling factors were estimated for

both capital costs and variable oper-

ating costs. In the case of capital

costs, capacity was expressed as

total waste storage capacity and cost

in terms of total dollars. In the

case of variable operating costs,

capacity was expressed in terms of

metric tons-equivalent per year and

costs in terms of dollars per metric

ton-equivalent.

A learning function was also ap-

plied to reflect the probability that

costs for new technology such as

extraterrestrial disposal would be

reduced with time faster than costs

for old technology such as hard rock

mining. The following equation

illustrates the learning

relationships:

/T g
C' = C
n 

Cn 
o)

T (3)
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where:

C n Cost without learning

effect

Cost with learning

adjustment

Years of technology

experience at the time

the first plant is built

= Years of technology

experience at the time n

when plant under consid-

eration is built

g = Learning coefficient =

0.32.

The learning coefficient of 0.32 re-

sults in a 20% reduction in cost for

every doubling in years of accumu-

lated experience.

The foiiowing equations iiiustrate

how the combined effects of scaling

and learning were applied:

Cn

To

T
n

CR 
P

(P
n x

R

(To y

T
n

(4)

= Total annual operating

cost in year n, $/year

VO
R 

= Variable operating cost

for reference plant,

$/MT equivalent

T
n 

= Throughput in year n

FO R = Fixed annual operating

cost for reference plant,

$/year

= Number of plants in oper-

ation in year n.

An interest rate of 10% was used

for all present worth and levelized

cost (charge) calculations whether

operated by private business or gov-

ernment. The difference in levelized

charges between private business and

government operations shows up in

the additional cost of income taxes

required from the private business

operation. A 10% interest rate is

consistent with recommendations by

the Office of Management and Budget

(OMB)(54) for evaluating U.S. Gov-

ernment projects and is also a rea-

sonable approximation of the long-

O n

N n

O
n 

=

where:

(Pn S 
T
o
y

VOR ~pR I x n x T
n 
+ Fon x N

n 
(5)

term return on investment that a

private fuel reprocessor could ex-

pect for his operations. (Over the

long-term, fuel reprocessing is

C — = Capital cost of plant anticipated to be a relatively low

started up in year n risk venture because plant invest-

CR = Capital cost of reference

plant

ments will not be made until sub-

stantial reprocessing commitments are

P
n

Capacity of plant started in hand.)

up in year n The calculations just described

D =
R

Capacity of reference

plant

determine the charges that would be

required at the time the disposal

To = Years of technology expe- operation is carried out. In cases

rience at time the first where the disposal operation takes

plant is built place 5 to 10 years after fuel re-

T
n 

= Years of technology expe- processing (when the waste is first

rience at year n generated), the disposal costs are



further discounted to the time of

fuel reprocessing. This is dis-

cussed again in relation to total

system costs in Section 3.2.4.

3.2.3 Estimation of Capital and 

• Operating Costs 

With the

Engineering

Industries,

assistance from the Vitro

Division of Automation

Inc., estimates of capi-

tal and operating costs, based on the

reference design, were developed for

each terrestrial disposal concept.

The concepts evaluated are described

in summary form in Table 3.20. The

capital and operating cost estimate

details for each concept are dis-

cussed by generic group in the sub-

sections that follow. lt should be

kept in mind that these costs relate

to the final disposal concept and do

not include all the necessary related

waste management operations. These

other related operations are dis-

cussed in Section 3.2.4, and their

effects on total waste management

costs are presented in Section 3.2.5.

3.2.3.1 Geologic Concepts 

The cost estimates for the geolo-

gic concepts plus some subordinate

variations are shown in further de-

tail in Table 3.21. A11 together

ten geologic concepts have been con-

sidered. To show the effect of

important variations of the basic

concept, two separate cases are shown

for three of the concepts. The capi-

tal costs are subdivided into 1) sur-

face operating facilities, 2) exca-

vating and drilling costs, 3) under-

ground operating facilities, and

4) cooling facilities when required.

Operating costs are subdivided into
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1) personnel costs, 2) maintenance,

and 3) utilities, contingencies and

miscellaneous costs. Scaling factors

are also shown. No scaling effects

are indicated for the capital costs,

and only a modest 0.8 scaling factor

is shown for the operating costs.

The total industry costs for disposal

of waste over the 25-year period,

1980 through 2004, comprise the final

item in this table. The total indus-

try cost is shown in terms of both

total undiscounted cost and the level-

ized unit charge.

Two cases for disposal of solid

waste canisters in mined cavities are

shown. The first case, G-1, calls for

disposal in a 600 meter (2,000 foot)

deep cavity mined in granite rock us-

ing direct conduction cooling to the

rock. The second case shows that the

effect of increasing the mine depth to

1,520 meters (5,000 feet) is a rela-

tively modest increase in the lev-

elized unit charge of 6 percent

($9,600/MT increased to $10,000/MT).

Thus with respect to cost there ap-

pears to be considerable flexibility

in the choice of disposal depth since

the effect of depth on overall cost

is small.

Consideration was also given to

the effect of geologic media on min-

ing costs. Mining costs in shgle

would be substantially greater than

in granite while mining costs in salt

formations would be substantially

less than in granite. The following

unit excavatir.g costs illustrate

these differences:

Shale

Granite

Salt

S98/m
3 

S75/yd3

$65/m3 $50/yd3

$25/yd
3$33/m3
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TABLE 3.20. Summary Description of Disposal Coucepts

Case Dispusal Concept Description 

GEOLOGIC CONCEPTS Sectinn 4)

G-1 Direct Conduction  Jling to Rock, Solid Waste in Mined Cavity - 600 m (2000 ft) in
granite, no rock-waAlo interactions.

G-2 Direct Conduction Cooling, Solid Waste in Mined Cavity - 1500 m (5000 ft) in
granite, no rock-waste interactions.

G-3 Air Convection Cooling, Solid Waste in Mined Cavity - 1500 m (5000 ft) in granite,
5.5 km x 9.1 m diameter tunnel (3.4 mile x 30 ft), conduction cooling after
100 years.

G-4 Air Convection Cooling, Solid Waste in Mined Cavity - 1500 m (5000 ft) in granite,
884 m x 21.3 m (2900 linear ft x 70 ft) dia:ceter tunnel (conduction cooling after
100 years), and 4.5 km x ;.6 m !2.B mile x 15 ft) diameter tunnel.

G-5 Boiling Water i:ooling, Solid Waste in Mined [avity - 1500 m (5000 ft) in granite,
5.5 km x 9.1 m (3.4 mile , 30 ft) diametr2r 1-.6nnel (drect conduction cooling to
rock after 103 years).

G-6 Boiling Water amling, Solid Waste in Mined - 1500 m (5000 ft) in granite,
884 m x 21.3 m (2500 linear fr x 70 ft) diaireter tunnel (conduction cooling after
100 years), and 4.5 km x 4.6 m (2.6 mile x 15 ft) diameter tunnel.

G-7 Rock-Waste Melt ny, Soliu Waste in Mined Cavity in grarite 13,000 m3 (17,000 yd3)
cavity.

G-8 Solid Waste in Matrix of Drilled Holes, no rock-waste interaction, bottom 900 m
(3006 ft) of 4600 m (15,000 ft) deep hole, in granite with overlying sedimentary
rock.

5-9 Solid Waste in Deep-Drilled Holes (6), 15,000 m (50,000 ft) deep, with rock-waste
melting, bottom 7000 m (25,000 ft) of 15,000 n, (50,000 ft) filled, top 3000 m
(10,000 ft) sedimentary and bottom 12,000 m (40,000 ft) granite.

G-10 Liquid Waste in Deep-Drilled Holes (3), other description same as in G-9.

G-11 Liuuid Waste in Mined Cavity 1 1500 m (5000 ft) deep, rock-waste melting, in
grinite, cavity size: 3300 m (5000 ycl,).

G-12 Liquid Waste in Exploded (Nuclear) Cavity - 1500 m (5000 ft) deep in granite.

G-13 Hydrofracturing in Shale, liquid waste to well ds a cement grout-slurry.

ICE SHEET (See Section 5)

IC-1 Ice Burial - Melt-Down or free Flow

IC-2 Burial - Anchored Storage in Ice

Ice Surface - Shielded Storage Facility

SEABED (see Section 6)

SB-1 Subduction Zones and Other Deep Sea Trenches

SB-2 Stable Deep-Sea Floor

SB-3 High Sedimentation Rate Areas (Shallow Ocean)

EXTRATERRESTRIAL (See Section 8)

E-1 Solar or High Earth Orbit

E-2 Solar System Escape

TRANSMUTATION (See Section 9)

T-1 Actinides in Fission Reactors



TABLE 3.21. Summary Cost

Air Cooling
in Mined Cavity

Data for Geologic

Boiling Water Cooling
in Mined Cavity

Other
G-7

Granite
Rock-Waste
Melting

Disposal Concepts

Solid Waste Concepts
Liquid Wasle Concepts

Conduction Cooling
in Mined Cavity G-8

Matrix
of Drilled

Holes

G-9
Deep

Drilled
' Holes

G-1
Granite
600 m

G-2
Granite
1500 m

G-3
Granite

One-Tunnel

G-4
Granite

Two-Tunnel

G-5
Granite

One-Tunnel

G-6
Granite
Two-Tunnel

G-10
Deep Drilled

Holes

G-11
Mined
Cavity

G-12
Exploded
Cavity

G-13
Hydro

Fracturing

Reference Plant Capital Costs ($ million)

I. Surface operating facilities 6 6 6 6 6 6 6 6 3 3 3 5

2. Excavating shafts and tunnels,
drilling holes, casings, etc.

185 205 480 480 130 135 23 129 150 75 6 7 10

3. Underground operating facilities 38 38 4 4 4 4

4. Coiling facilities when required 60 60 100 95 2 13 13

101AL CAPITAL COSTS (rounded) 230 250 550 550 240 240 29 140 160 80 22 23 15

Reference Plant Operating Costs
($ million/year)

1. Personnel 1.2 1.2 1.6 1.6 1.6 1.6 1.2 1.2 1.3 0.8 0.8 0.8 0.7

2. Maintenance 1.3 1.3 2.1 2.1 1.7 1.7 0.2 0.2 0.2 0.5 0.5 0.2

3. Utilities, Contingencies
and Miscellaneous

0.3 0.3 0.4 0.4 0.3 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1

TOTAL OPERATING COSTS (rounded) 2.8 2.8 4.0 4.0 3.6 3.6 1.4 1.5 1.6 1.1 1.4 1.4 1.0

Scaling Factors

1. Capital Costs 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

2. Operating Costs 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 1.0

Total Industry Disposal Costs for
Waste Generated Over the 25-Year
Period (1980 through 2004)

Ì. Total Direct Costs Excluding
Interest Costs

a) Capital Facility Costs
($ million)

b) Operating Costs ($ million)

1,100

300

1,200

360

2,600

500

2,600

500

1,200

400

1,100

400

140

130

640

140

700

150

340

100

110

140

100

140

70

110

TOTAL (a + b) ($ million)

2. Levelized Unit Charge for Final
Disposal at Time of Disposal

($/MT of Fuel Reprocessed)

1,400

9,600

1,500

10,000

3,100

22,000

3,100

21,000

1,600

10,000

1,500

9,600

270

1,800

780

5,500

850

6,000

440

3,000

250

1,400

240

1,300

180

1,100

3. Levelized Unit Charge for
Final Disposal Discounted
1.0 Time of Reprocessing

3,700 3,900 8,500 8,200 4,000 3,7Q0 700 2,100 2,300 3,000 1,400 1,300 700

co
•
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0
0
6
 L 
-
1
M
N
S
 



3.74 BNWL-1900

However, because comparison of dis-

posal costs in different geologic

media requires analysis of relative

heat removal capabilities as well as

mining costs, few conclusions can be

based on mining costs alone.

The next two cases, G-3 and G-4,

show the costs for disposal of solid

waste canisters in 1,500 meters deep

mined cavities with aft- convection

cooling for the first 100 years, af-

ter which time natural granite-

conduction cooling would be relied

on. Blowers are required to start

the convection circulation but, once

started, the circulation will be main-

tained by natural convection. In

case G-3, the disposal cavity is a 5.5

kiiometers long by 9.1 meters (3.4

mile long by 30 feet) diameter tunnel

which Provides adequate spacing for

natural rock-conduction cooling of

the canisters after 100 years. In

case G-4, a shorter (880 meters or

2,900 feet), larger diameter (21.3

meters or 70 feet) tunnel is used for

the first 100 years of air convection

cooling, after which a 4.5 kilometer

(2.8 mile) long small diameter (4.6

meters or 15 feet) tunnel is exca-

vated to provide adequate spacing for

rock-conduction cooling. After 100

years, the canisters are moved to

this tunnel for final disposal. The

thought was that this variation could

reduce excavation costs; however, the

effect is small. Total excavation

costs are reduced an insignificant

amount. Of the $480 million excava-

tion cost in case G-4, $19 million is

deferred 100 years and in terms of

present worth is effectively elimi-

nated. The effect on the levelized

unit charge is only a 4% reduc-

tion from $22,000/MT to $21,000/MT.

The controlling cost in either case

is the $400 million required for 40

2.1 meters (7-foot-diameter) cooling

air shafts.

Cases G-5 and G-6 are similar to

G-3 and G-4 except that water is sup-

plied to the disposal cavity where it

boils and the

is removed as

heat with the

densed at the

radioactive-decay heat

latent vaporization

steam. Steam is con-

surface and the con-

densate returned to the disposal

cavity. Once the process is started,

natural forces will maintain the cool-

ing system action. This system is

much less expensive than the_air con-

vection system because the diameter

of the cooling shafts is only 0.5 me-

ter (20 inches) compared to 2.1 meters

(7 feet) and 40 shafts cost only $60

million rather than $400 million.

However, a requirement for an expen-

sive pressure vessel in the disposal

tunnel (about $50 million) offsets

some of the advantage. In the two-

tunnel concept (case G-6) the total

cost is the same as for the one-tunnel

concept. The levelized unit charges

are $10,000/MT for the one-tunnel con-

cept and $9,600/MT for the two-tunnel

concept. Either case appears to have

a substantial cost advantage over the

air-cooled concept.

Case G-7 is identified as the rock-

waste melting concept. It calls for

mining out a 1,500-meters deep (5,000-

foot) cavity with double lining into

which the waste canisters are dumped

into a random array. During the pe-

riod of filling, temperature control

is maintained by supplying water to



the cavity. The water boils off and

keeps the cavity at the boiling water

temperature. After filling, the

shaft is closed and the decay heat

causes the waste and some of the sur-

rounding rocks to form a conglomerate

melt. After many years, the mixture

then slowly solidifies again. This

is a remarkably inexpensive concept.

Capital cost is estimated at $29 mil-

lion and the 25-year levelized charge

is estimated at $1 ,800/MT.

Case G-8, shown next in the table,

is identified as a matrix of drilled

holes. Solid waste canisters are

lowered into the drilled holes. Heat

is removed by natural conduction of

the rock. The concept is simple but

the drilling costs are substantial--

much less, however, than the mined

cavity concepts G-1 through G-6. To-

tal capital is $140 million and the

25-year levelized charge is estimated

at $5,500/MT.

Case G-9 is similar to G-8, but

the holes are 16,400 meters (50,000

feet) deep compared to 4,900 meters

(15,000

melting

cost is

million

feet) in G-9 and rock-waste

is permitted. Total capital

$160 million (based on $25

per hole) and the 25-year

levelized charge is $6,000/MT.

The next four cases, G-10, G-11,

G-12 and G-13, involve emplacement

of liquid waste with in-place con-

version to solid. Case G-10, liquid

in 16,400 meters deep (50,000 foot)

drilled holes, is similar to G-9, but

the liquid waste form reduces the

number of required holes from six to

three, and this reduction accounts

for the difference in capital costs,

$75 million for G-10 compared to
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$150 million for G-9 (based on $25

million per hole). The 25-year

levelized charge for G-10 is

$3,000/MT or one-half the charge

for G-9.

Cases G-11 and G-12 are similar

and their costs are similar even

though the method of construction is

quite different. Case G-11 calls for

deposition of liquid waste in a 1,600-

meters (5,000-feet) deep-mined and

lined cavity while case G-12 calls

for deposition of liquid waste in an

unlined cavity formed by a 1,600-me-

ters deep (5,000-feet) underground nu-

clear explosion. The two cases are

both very inexpensive concepts. Capi-

tal costs are essentially identical,

$22 million and $23 million, as are

the 25-year levelized charges,

$1400/MT and $1300/MT.

Case G-15 is the simplest and

least expensive of all the concepts.

Identified as the hydrofracturing

concept, it requires thirty 15-

centimeter (6-inch) diameter wells

approximately 1,000 meters (3,300

feet) deep to handle the waste from

an 1,825 MT/year plant over its 25-

year life. This concept requires a

liquid storage period for cooling

prior to injection which is an addi-

tional cost other liquid waste dis-

posal concepts do not have to sup-

port. The liquid waste is accumu-

lated for 5 years and diluted to

meet heat-generation limits, mixed

in 300,000-liter (80,000 gallon)

batches with a dry cement formulation

to form a type of grout-slurry and

pumped under pressure into the well.

The mixture forces its way into pre-

formed fractures and solidifies.



Prior to the waste slurry injection,

the well is prepared for the injec-

tion by cutting the casing at a pre-

determined point and starting a frac-

ture with high-pressure water.

Capital cost is $15 million and

levelized charges are $1,100/MT.

3.2.3.2 Ice Sheet Concepts 

Three ice sheet disposal concepts

were evaluated assuming disposal in

Antarctica. A summary breakdown of

cost estimates for the reference

plant size is shown by major compo-

nents in Table 3.22. A major portion

of the costs relate to transport fa-

cilities required because of the re-

mote and hostile environment and

climate

working

Capital

1) port

and the short 2 to 3 month

season for ocean transport.

costs are subdivided into

facilities, 2) sea transport
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vessels, 3) support and maintenance

facilities at the Antarctic base

camp, 4) monitoring equipment,

5) shipping casks, 6) surface trans-

port vehicles for over-ice transport,

7) refueling and support facilities

for surface transport vehicles, and

8) either drilling rigs or surface

storage facilities. Operating costs

include 1) port facility operations,

2) transport vessel operation, 3) sur-

face transport vehicle operations,

and 4) drilling and support opera-

tions. Table 3.22 also shows the to-

tal undiscounted costs for the 25-

year period, 1980 to 2004, as well as

the levelized unit charges for the

same period.

The three concepts have very

nearly identical costs. This is be-

cause most of the cost is concerned

with just getting the waste canisters

to the final disposal site. Rela-

tively small differences in drilling

or final storage facility operation

are the only differences. Case IC-1,

identified as the melt-down or free

flow concept as the name implies, re-

quires only that shallow holes be

drilled to drop the waste canister

into after which it melts down to a

final place near the base of the

sheet. Case IC-2, identified as

chored disposal in ice, requires

ice

an-

an-

chor plates and chains at the surface

tied to each waste

it hangs suspended

low the ice sheet.

canister so that

in a melt pool be-

Case IC-3 pro-

vides for a shielded storage facility

at the surface. Because of the cold

climate, the waste canisters are

easily maintained at a safe tempera-

ture without cooling and elaborate

monitoring equipment.

There are no advantages for large

scale operation with the exception of

the port facility, which is adequate

for the entire 25-year period. Other-

wise, each 1,825 MT/day production

increment requires duplication of all

all of the facilities in Table 3.22.

This results because of the short

working season. The conceptual ship

is the same as the one in the deep

seabed concepts, but here it can make

only one trip per year where three

trips per year appear feasible in the

seabed cases.

The levelized unit charges range

from $29,000/MT for the shielded

storage concept (IC-3) to $39,000/MT

for the anchored storage concept

(IC-2) with an intermediate value of

$31,000/MT for the melt-down concept

(IC-1).
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TABLE 3.22. Summary Cost Data for Ice Sheet Disposal
Concepts

IC-1 IC-2 IC-3
Melt-down Anchored Shielded

or Disposal Storage at
Free Flow in Ice Surface 

Reference Plant Capital Costs
(5 million)

1. Port of Embarkation 20 20 20

2. Sea Transport Vessel 100 100 100

3. Drill Holes (rigs) 12 12

4. Storage facility with crane
and cell shielding

20

5. Monitoring Equipment 3 3 3

6. Shipping Casks (300) 45 45 45

7. Surface Transport Vehicles 53 53 53

8. Support Maintenance and in Transit 5 5 5
Facilities

9• Support and Refueling Facilities for 50 50 50
Surface Transport Vehicles

TOTAL CAPITAL COSTS (rounded) 290 290 300

Reference Plant Operating Costs
($ million/yr)

1. Port Operations 1.0 1.0 1.0

2. Sea Vessel Operations 8.1 8.1 8.1

3. Surface Transport Vehicles Including 10.5 10.5 10.5
Support Facilities

4. Holding Chain and Bearing Pad 15.0

5. Drilling and Support Maintenance Operations 7.0 7.0 3.5

TOTAL OPERATING COSTS (rounded) 27 42 23

Scaling Factors:

Capital Costs 1.0 1.0 1.0

Operating Costs

Total Industry Disposal Costs for
Wastes Generated Over 25 Years
(1980-2004)

1. Total Direct Costs Excluding Interest Costs
($ million)

(a) Capital Facility Costs

1.0

2,700

1.0

2,700

1.0

2,800

(b) Operating Costs 3,300 5,200 2,800

(c) TOTAL (rounded)

2. Levelized Unit Charge
($/MT of Fuei Reprocessed rounded)

(a) At Time of Disposal

6,000

31.000

8,000

39,000

5,500

R9,o00

(b) At Time of Reprocessing
(discounted for 10 year delay)

12,j00 15,000 11,000
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3.2.3.3 Seabed Concepts 

Three seabed disposal concepts

have been evaluated. A summary break-

down of the cost estimates for the

reference plant size is shown by ma-

jor components in Table 3.23. Capi-

tal costs are subdivided into 1) port

facilities, 2) sea transport vessels,

3) sea drilling platform, 4) drill

pipe and casing, 5) monitoring equip-
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ment, and 6) shipping casks. Operat-

ing costs are suodivided by 1) port

facility operations, 2) transport

vessel operation, 3) sea platform

operations, and 4) drilling, support

and maintenance operations. Total un-

discounted costs for the 25-year pe-

riod, from 1980 through 2004, as well

as the levelized unit charges for the

same period are also shown.

TABLE 3.23. Summary Cost Data for Seabed Disposal
Concepts

5B-1
Subduction
Zones and
Other Deep

Ccean Trenches

SB-2 
Stable
Deeo
Sea
Floor

SB-3

High Sedi-
mentation
Rate Areas

Pcfcrenco Plant Capital Casts (S Million)

1. Port of Embarkation 20 20 20

2. Sea Transport Vessel 100 100 50

3. Sea Drilling Platform 300 300 50

4. Drill Pipe and Casinq 5 5 5

5. Monitoring Equipment 3 3 3

6. Shipping Cask (300) 45 45 45

Total Capital Costs (rounded) 470 470 170

Reference Plant Operatinq Costs

(S Million per year)

1. Port Operation 1 1 1

2. Sea Vessel Operation 3 8 2

3. Sea Platform Operation 8 8 8

4. Drilling and Support 7 7 7
Maintenarxe Operation

Total Operating Costs (rounded) 24 24 18

Scalinq Factors (Capital and Operation)

0.6

0.4

1.0

0.5

0.4

1.0

0.6

0.7

1.0

1. Sea Vessel

2. Sea Platform

3. Drilling and Maintenance Operations

Total Industry Disposal Costs for Wastes
Generated Over 25 years, 1980-2004
(S million)

1. Total Direct Cost Excluding Interest Costs
Capital Facility Cost 1,300 1,300 730
Operating Cost !,700 1,700 1,650

TOTAL (rounded)

Levelized Unit Charge (rounded)
(S/MT of Fuel Reprocessed)

a) At Time of Oisposal

b) At Time of Reprocessing
(Discounted for 10 Yea, Delay)

3,000

20,000

8,000

2,000

20,000

8,000

2,400

14,000

5,000
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Two deep ocean disposal concepts

have been defined. They differ in

the location and in the nature of the

seabed, but in terms of costs there

are no definable differences in

either capital or operating costs at

this conceptual stage of development.

The major capital item is the deep

sea platform at $300 million. How-

ever, it is estimated that this same

platform could handle the waste from

up to five 1,825 MT/year reprocessing

plants. The next largest item is

$100 million for the ship to trans-

port the waste from the port to the

sea platform. Here, again, a single

ship could serve more than one plant.

Up to three trips per year with 600

canisters per trip appears feasible.

A single port facility at $20 million

could handle the entire waste produc-

tion through the year 2004. Special

shipping casks costing $45 million

are required but can be used for up

to 1,800 canisters per year. Thus,

even though initial costs are high,

substantial savings occur as the

scale of operations increase. The

25-year levelized unit charges are

$20,000/MT.

A single shallow ocean (high sedi-

mentation rate area) disposal concept

was defined and evaluated. Costs are

reduced substantially compared to the

deep ocean concepts. The drilling

platform costs $50 million and can

handle up to 1,200 canisters per year.

Transport vessels costing $50 million

can move 1,500 canisters per year.

Port facility and cask costs are

identical to the deep ocean require-

ment at S20 million and $45 million

respectively. The 25-year levelized

unit charges are $14,000/MT.

3.2.3.4 Extraterrestrial 

Elimination Concepts 

The reference case for extrater-

restrial waste disposal, as envi-

sioned, is not a complete disposal

concept. Because of the high unit

costs for space transportation, this

concept is currently considered to

be applicable primarily to the long-

lived radionuclides in waste. This

concept provides for removal of the

transuranium elements from the waste,

and removing them from the earth's

environment by sending them into

space, either to a solar or high

earth orbit or completely out of our

solar system. For the reference case,

the bulk of the fission product waste

must be disposed of through some

waste disposal concept whose cost

may not be significantly affected by

the removal of the transuranium ele-

ments. Thus the cost of this system

must be weighed against the value

of any risk reduction to future

generations.

Costs for extraterrestrial dispo-

sal consist of three main components:

1) a partitioning process to separate

the transuranium elements from the

rest of the high-level waste, 2) an

encapsulation process to prepare the

separated elements for space flight,

and (3) the space flight itself.

Because the unit costs for space

flight are enormous, early considera-

tions of the extraterrestrial or

space disposal concept indicated that

the relatively low risk associated

with the uranium and thorium repro-

cessing "waste loss" component of the

actinide elements may not justify
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including them in the disposal pack-

age. Based on experience with acti-

nide and fission product separation

processes and the scale of operations

required for a partitioning operation

associated with the reference 1,825

MT/year fuel reprocessing elements

the following estimates from Section 7

were developed as representative of

the magnitude of charges that would

be assessed for the partitioning re-

quired here:

(a) Separate the transuranium

(actinide) elements, excluding

uranium and thorium, from the bulk

of the waste along with 1% of the

short-lived radionuclides as con-

taminants: $15,000/MT of fuel.

(b) Same, but reduce short-lived

radionuclide contamination to 0.1%:

$20,000/MT of fuel.

Because the difference in cost be-

tween these two estimates is so small

in comparison to the reduction in the

weight of shielding required, only

the latter case is used in this analy-

sis. (Reducing short-lived radio-

nuclides from 1.0 to 0.1% permits

an approximate 60% increase in

quantity of transuranium elements

in each flight.)

To achieve a reasonable plant size,

encapsulation costs were based on a

plant

(less

1,825

Based

encapsulating the actinides

uranium and thorium) from two

MT/year reprocessing plants.

on known costs for similar fa-

cilities, the following encapsulation

estimates were developed:

Capital Cost $40 miilion

Annual Operating Cost $2.4 million/yr

Assuming that 10% of the capital

facilities would require replace-

ment at 10-year intervals while the

balance of the facility would have a

25-year life, an annual levelized

cost for encapsulation was calculated

as $3,000/MT of fuel. In addition,

51,000/MT of fuel was added for a

required heat shield, bringing the

total estimated encapsulation charge

to $4,000/MT of fuel.

Two space disposal concepts are

considered in this cost analysis:

ET-1, a solar or a high earth orbit

(which have essentially identical

costs), and ET-2, escape from solar

system. Estimates of the launch and

flight costs were obtained through

the NASA Lewis Research Center and

based on the Kennedy Space Center as

a reference launch facility. Esti-

mated costs for and capabilities of

space flights from Kennedy Space

Center are shown in Table 3.24. A

minimum of 54 million is estimated to

be required for new facilities for

receipt, inspection and storage of

waste packages. Launch and flight

costs are estimated at $25,000/MT of

fuel for the high earth orbit system

and $110,000/MT for escape from the

solar system. This estimate does not

include the cost of new facilities,

$1.7 million per launch per year, re-

quired when present capability of

the Kennedy Space Center is exceeded.

However, these costs appear rela-

tively small compared to the space

flight itself.

These cost estimates assume that

the Kennedy Space Center could be
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TABLE 3.24. Estimated Costs and Limitations of Space
Flights from Kennedy Space Center for
Extraterrestrial Elimination of Transur-
anic Wastes from LWR Fuels

Solar or High Escape From
Earth Orbit Solar Sjstem 

Minimum New Facilities
Required, S

Launch and Flight Costs

Each Mission,
$ Per MT of Fuel
$ Per Kg of Actinides

Number of Flights Required
Each Year

1980 Waste Generation Rate
2004 Waste Generation Rate

Total Launches Required for
Waste Generated From 1980
Through 2004

Maximum Launches Per Year
With Existing Facilities

Estimated Cost of New KSC
Facilities Required Beyond
20 Launches Per year,

$ Per Launch Per Year

4 x 10
6

4 x 10
6

15 x 10
6 
, 30 x 10

6

25 x 10;' 110 x 103

35 x 10- 150 x 103

4
30

380

16
140

1,800

20 20

x 106 1.7 x 106

diverted entirely to waste disposal still be added to this for disposal

use, and this may not be realistic. of the bulk of the fission product

If an entirely new launch facility waste.

were required the costs would be much

higher.

Total estimated costs for the ex-

traterrestrial concepts are summar-

ized in Table 3.25. This shows total

costs as $50,000/MT for the orbit

destinations and $130,000/MT for the

solar system escape. It seems very

lfkely that significant additional

new launch facility costs would be

required if serious efforts were

made to schedule actual launches

from the Kennedy Space Center on a

continuing basis. It should be re-

membered also that the cost for this

disposal system takes care of only

the actinides (other than uranium and

thorium) and that costs for final

disposal by some other method must

TABLE 3.25. Cost Summary for Extra-
terrestrial Elimination
of Transuranium Waste
from LWR Fuel

High Escape from
Earth Orbit Solar System 

Partitioning, $/MT 20,000 20,000

Encapsulation, $/MT 4,000 4,000

Space Flight, $/MT 25,000 110,000 

Total Cost, $/MT
(rounded) 50,000 135,000

Mills/kW-hr 0.19 0.50

Total Cost Discounted,
5 Years to Time of Reprocessing

$/MT 30,000 80,000

Mills/kW-hr 0.11 0.30



3.2.3.5 Transmutation Elimination 

Concept 

The reference transmutation con-

cept, like the extraterrestrial con-

cept, is not a complete disposal con-

cept. This concept provides for the

removal from the waste of the very

long-lived actinide elements, includ-

ing the uranium and thorium, and re-

cycling them back through successive

irradiation cycles in fission reac-

tors until this material is con-

verted (except for a small nonre-

coverable process loss to the fission

product waste) to short-lived fission

products. The bulk of the fission-

product waste must still be disposed

of through some waste disposal con-

cept whose cost may not be signifi-

cantly affected by removal of the

actinides. The cost for this system

must be weighed against the value of

any risk reduction to future

generations.

Costs for the transmutation con-

cept (T-1) consist of 1) cost for a

partitioning process to separate the

actinides from the bulk of the fis-

sion product waste, 2) the incre-

mental fuel fabrication cost for

including the recycled actinides as

a nuclear power fuel component and

3) the incremental fuel enrichment

cost required to compensate for the

neutronic effect of the actinide

recycle. Although the case was not

calculated for transmutation in a

Fast Breeder Reactor, the net costs

are not expected to be materially

different. The cost of partitioning

will be the same; the cost of fabri-

cation may be slightly higher since

smaller diameter pins would be re-
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quired; and the penalty for enrich-

ment might be somewhat less. Trans-

mutation in a Controlled Thermonu-

clear Reactor may have some promise

because of favorable neutronics. It

did not seem prudent, though, to con-

sider costs of an unproven technology

such as the Controlled Thermonuclear

Reactor (CTR or fusion reactor) for

the treatment of the nuclear waste.

The partitioning process for the

reference transmutation concept is

less complex and hence less costly

than for the reference extraterres-

trial concept, which required separa-

tion of the uranium and thorium from

the other actinides. From experience

with actinide and fission product

separation processes and the scaie of

operations required for an 1,825 MT/

year fuel reprocessing plant, it was

estimated that the actinide elements

could be separated from the bulk of

the waste with a residual contamina-

tion level of 1% of the short-lived

radioisotopes for $10,000/MT of

fuel.

Based on assumed requirements for

remote fabrication and previous ex-

perience with ccst estimates for

various plutonium fuel fabrication

concepts, it was estimated that the

fabrication cost for power reactor

fuel containing the recycled acti-

nides would be increased on the order

of $200/kg of contained uranium. It

is not necessary, however, to spread

the recycled actir.ides throughout all

of the fuel. Preliminary burnup cal-

culations have shown that a feasible,

although probably not optimum, pro-

cedure would involve loading all of

the recycled actinides into 10% of



the fuel. This would reduce the

average fabrication penalty to $20/kg

of total fuel.

To compensate for the neutronic

effect of the recycled actinides,

the fuel enrichment (U-235 content)

would have to be increased. The pre-

liminary burnup calculations have

shown that this increased enrichment

would be equivalent to $15/kg of fuel

based on current enriched uranium

costs.

The total estimated costs for this

transmutation concept are summarized

in Table 3.26. The cost of disposal

of the bulk of the fission product

waste by some other final disposal

method must also be added to this

cost.

TABLE 3.26.' Cost Summary for Trans-
mutation Elimination of
Actinide

Partitioning, $/MT

Incremental Fuel Fabrication, $/MT

Incremental Fuel Enrichment, $/MT

Total Cost, $/MT

Mills/kW-hr

Total Cost Discounted 5 Years
to Time of Reprocessing

$/MT

Mills/kW-hr

10,000

20,000

15,000 

45,000

0.17

28,000

0.11

3.2.4 Other Components of Total 

System Costs 

Several intervening processes (be-

tween the waste production and the

final disposal step) are essential

components of some waste disposal

systems. A set of standardized

charges (costs) for these operations
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was developed based on the processes,

being an integral part of a 5 MT/day

fuel reprocessing plant operation.

Depending on the requirements of each

concept, several, all or none of

these processes may be included in a

waste disposal system. These process

components are as follows:

a) Additional spent fuel trans-

port costs for remote fuel reprocess-

ing plant location.

b)

c)

d)

e)

Interim liquid waste storage.

Waste solidification.

Interim solid waste storage.

Rail transport of solid waste

to disposal site or port of

embarkation.

The basis for the process charges for

these components is discussed in the

following subsections.

3.2.4.1 Additional Spent Fuel 

Transport Costs 

In the disposal concepts based on

waste in the liquid form, such as

pumping the waste to deep drilled

holes or a deep exploded cavity, it

is assumed that the reprocessing

plant would have to be located at

the disposal site since transport of

liquid waste would be impractical and

unsafe. This could result in locat-

ing the plant at a site other than

one with optimum distance from the

power reactors it is serving. Al-

though there is obviously no single

correct distance, it was estimated

from geographical considerations of

possible disposal sites relative to

reactor sites and desirable repro-

cessing plant locations that this in

creased distance could be on the

order of 1,300 kilometers (800 miles
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or a 2,600 kilometer (1,600-mile)

round trip distance for the shipping

casks.

Spent fuel shipping costs, de-

veloped as part of a study of all

fuel cycle costs in WASH-1099,(55)

were estimated to be $4,000/MT for a

3,200-kilometer (2,000-mile) round

trip distance. This estimate in-

cludes cask costs, freight handling,

and insurance costs based on 1967

values. This estimate was adjusted

to a 1973 bas.e by escalating at 7% per

year and then directly ratioed for a

2,600-kilometer (1,600-mile) round

trip. The resulting estimate for the

incremental cost was $5,000/MT. Be-

cause of the variables and uncertain-

ties in Lhis estimate, it shouid be

considered only as an order of magni-

tude estimate.

3.2.4.2 Interim Liquid Waste 

Storage 

Interim liquid waste storage costs

were recently updated and evaluated

in a Battelle, Pacific Northwest Labo-

ratory study, BNWL-1667,(56) con-

cerned with an overall evaluation of

high-level waste solidification pro-

cesses. The ODEiMUM storage tank

size for a 1,370 MT/year plant (5

MT/day at 75% operating efficiency)

was found to be 1,060 cubic meters

(280,000 gallons) for a 5-year

interim storage period. Four tanks

including one spare were required.

Summarized capital and operating

costs follow:

Service facilities,
building, stack, filters,
cooling tower, etc. S 5,000,000

Four tanks (including
spare) plus cooling costs 13,000,000

Pumps, piping and heat
exchangers, design and
contingencies 14,000,000

Total Capital Cost $32,000,000

Annual Operating Costs $ 1,250,000

These costs were escalated 7% to

bring them from a 1972 to a 1973

base and multiplied by the ratio of

1825/1375 to adjust to the reference

plant size for this study. Annual

levelized storage charges were then

calculated using Equation (4) and .the

ground rules for this study, that is,

an 1,825 MT/year plant, a 25-year

life and a 10% return on investment.

The resulting storage charge was

$5,500/MT.

3.2.4.3 Waste Solidification 

The same study, BNWL-1667, was

utilized to develop the waste solidi-

fication charges. Costs for facili-

ties to solidify waste into borosili-

cate glass from a 1,370 MT/year plant

are summarized below:

Process Cells

Equipment

Total Initial Capital

Annual Operating Costs-
Excluding Container
Costs

$7.0 x 106

$2.6 x 106 

$9.6 x 106

$1.1 million



The process cells were assumed to

last the life of the plant, while

the equipment was assumed to require

replacement at 10-year intervals.

These costs were escalated 7% to

bring them to a 1973 base year,

and the levelized operating charge

was calculated using Equation (4)

and the ground rules for this study.

The resulting solidification charge

was $2,300/MT. The cost for waste

canisters must be added to this.

For the standard 1.3-centimeter-

thick (0.5 inches) carbon steel can-

isters suitable for the geologic

concepts, canister costs were esti-

mated at $500/canister or $170/MT

(based on 3 MT-equivalent of solidi-

fied waste in a canister). For the

seabed and ice sheet concepts, a

3.8-centimeter-thick (1 1/2 inches)

carbon steel canister was required.

Canister cost in this case was esti-

mateO at $2,000/container or $700/MT.

3.2.4.4• Interim Solid Waste 

Storage 

The same waste solidification

study, BNWL-1667,
(56) 

was also the

source of cost data for interim solid

waste storage charges. Here, how-

ever, a case had not been prepared

that exactly matched requirements for

the ground rules

it was necessary

closely matching

of this study, and

to interpolate from

cases. The storage

facility consists of stainless steel-

lined storage canals and facilities

for submerged water cooling and moni-

toring the waste canisters. Costs

for a facility to store the solidi-

fied waste from a 1,370 MT/year plant
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for 5 years following 5 years of

liquid waste storage were found to be

as follows: .

Capital Cost $7.8 million

Annual Operating Cost $0.5 million/yr

These estimates were also escalated

7% and levelized operating costs

culated using Equation (4). The

sulting solid waste storage cost

$1,500/MT.

cal-

re-

was

3.2.4.5 Rail Transport of Solid 

Waste 

Rail transport of the solid waste

will be required between the interim

storage site and the final disposal

site or to the port of embarkation

if seabed or ice sheet disposal is

utilized. A 1,000-mile shipping dis-

tance or 2,000-mile round

the cask is assumed to be

tive of this requirement.

charges for an assumed

round trip by railroad

lated in BNWL-1667
(56)

trip for

representa-

Shipping

2,000-mile

were calcu-

for a number

of waste container sizes. The case

most closely matching the assumed

conditions for this study called for

a 95-ton cask holding nine 12-inch-

diameter containers. For solidified

waste at 56.6 liters (2 cubic feet)

per metric ton, shipping charges are

estimated at $750/MT. This cost in-

cludes shipping cask amortization,

handling costs, freight costs, taxes,

and insurance.

3.2.4.6 Discounted Unit Charges 

The unit charges just discussed

are based on levelized costs at the



time the operation is performed. Ex-

cept for the incremental spent-fuel

shipping and liquid waste storage,

all of the operations are delayed

5 to 10 years after fuel reprocessing.

It can be assumed that payment is re-

quired at the time of fuel reprocess-

ing when the waste is generated.

For the deferred operations, the pay-

ment can be credited with

up to the time the actual

is carried out. Thus the

interest

operation

payment

required at the time of reprocessing

is the discounted present-worth of

the cost at the time the operation

is carried out.

The unit charges for each of the

operations just discussed as well as

the discounted charges required at

the time of reprocessing are sum-

marized in Table 3.27.
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3.2.5 Total Waste Management System 

Costs 

Having obtained the levelized unit

charges for all of the components in

the waste disposal system, it is then

possible to add the component costs to

obtain the total system costs. In this

final summation, all costs are defined

in terms of charges to be assessed at

the time of fuel reprocessing (the

discounted present worth charges).

3.2.5.1 Geologic System Costs 

The total system costs for the

geologic concepts are shown in Ta-

ble 3.28. Relative differences be-

tween the different disposal concepts

are reduced by addition of the other

system charges. In the solid waste

systems, the differences are further

reduced by the effect of discounting

TABLE 3.27. Unit Charges for Waste Management Operations
Prior to Final Disposal

Operational
Component

Unit Cost of Operation
in $/MT of Fuel Repro-
cessed at the Time of

the Operation

Numbe,- of Years
Between Operation
and Reprocessino

Discount Factor
at 10% Per Year

Discounted Unit
Cost of Operation
at the Time of
Reprocessinq

1 Incremental Charge for Trans-
porting Soent-Fuel from Reactor
to Special Reprocessing Plant

5,000 0 1.0 5,000

Site

2 Charge for Interim Liquid 5,500 1.0 5,500
Storage for 5 Years

3 Charge for Solidification of 2,300 5 0.62 1,400
Waste into Borosilicate Glass

4 Container Cost:
For Geologic Concepts 170 5 0.62 100
For Sea and Ice Concepts 700 5 0.62 400

5 Charge for Interim Solid 1,500 5 0.62 900
Storage for 5 Years

6 Charge for Rail Transportation
of Solid Waste Containers from

750 10 0.39 300

Reprocessing Plant Site to
Disposal Facility Site
or Port of Emparkation

Note: Partitioning could also be considered a waste management
in this analysis has been considered as part of the cost
extraterrestrial and transmutation.

operation orior to final disposal but
of the concepts it relates to, i.e.,
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TABLE 3.28. Total System Cost Summary for Geologic
Concepts, $/MT (Based on Charges Assessed

,nerational
Component

Conduction Cooling
in Mined Cavity

at Time of Reprocessing)

Air Cooling Boiling Water Cooling
in Mined Cavity in Mined CavitY

Other $olid Waste Concepts
tieuld 'waste ConcersG-8 0-9

Granite Matrix Deep
?oce-Waste of Jr;Iled Drilled
meltIng Holes Holes

,-1
Granite
510 m

.2
Sranite
1520 m

G-3
Granite
One-Tunnel

0-1
Granite

Two-Tunnel

G-5
Granite

One-Tunnel

0'-6
Granite

Two-Tunnel

S-10
Deep Orilleci

Holes

5-ii
Minel

G-1,
Exoloded

3-13
nydro-
Eractyre

Incremental :narge of Cransporting 5,000 5.000
Sclert-Fuel from Reactor to
Soec,a; deorocessing Plant SI.

:trrae,:narr,Interiff LIcaJiO Storage 5,200 5,500 5,500 5,500 5,500 5,500 5,500 5,500 5,200 5,400

,Inarge for Solidification of Waste 1,400 1,400 1,400 1,400 1,400 1 ,400 ,,500 1,400 1,400
Into Borosilicate Glass

4 Contalner Cost 100 100 100 100 100 100 100 100 100

5 Cnarge for Interim Solid 900 300 900 900 900 900 900 900 900
Storage for 5 Year;

6 Charge for. +Ali 7ransportat, on
sf Solid Waste Containers from

300 300 300 200 300 SOO 300 300 30C

Aeorocessing Plant Site to
Diocese] Facility Site

sevelined ynit Charge for 3,700 3,900 3,520 8,200 4,000 0,700 /00 2,130 2,330 3,000 1.400 1.500 SOO
Final Disposal

E0'41_ SYSTEM 2410 CHARGES
'Rounded,

12,gon ;2,000 17,000 16,0060 12,000 12,CC0 9,000 10,300 11,000 3,000 5,40.0 6,005 7l,000

46 46 64

3

46 46 34 39 41 30 :4 42

the final waste disposal charges

which take place 10 years after

reprocessing.

Except for possibly a) the rock-

waste melting concept (G-7) and the

liquid disposal concepts (0-10, G-11,

and G-12), which appear to be in-

herently less costly than the other

concepts, and b) the air-cooled con-

cepts (G-3 and G-4), which appear to

be inherently more costly, the dif-

ferences in total system costs are

not significant. The cost advantage

of the hydrofracturing concept (G-14)

is lost due to the liquid waste

storage cost it must support.

It should be emphasized again at

this point that none of these systems

is optimized and thatgreater differ-

ences could show up in a thorough op-

timization analysis. For example,

interim liquid storage costs are a

large component of the total cost.

These can be reduced by reducing or

eliminating interim liquid storage,

but the solidified waste container

diameter may have to be reduced (to

meet solid waste temperature limits).

This, in turn, affects solidification

costs, interim solid storage costs,

shipping costs, and final disposal

costs. Furthermore, the time period

between processing and disposal opera-

tions affects the discounted costs.

None of the component costs is inde-

pendent and none can be optimized

independently. A11 are interdepen-

dent and optimization requires con-

sideration of the entire system.

Substantial advantages might show

up for specific concepts with a

thorough optimization analysis that

would not otherwise be apparent.

3.2.5.2 Ice Sheet and Seabed 

System Costs 

The total system costs for the ice

sheet and seabed concepts are shown

in Table 3.29. For the ice sheet

concept, the limited working season

magnifies the transport difficulties

and costs. The shallow seabed con-

cept (high sedimentation areas) has

the lowest cost, but costs for all of
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TABLE 3.29. Total System Cost Summary for Ice Sheet and Seabed
Concepts, $/MT (Based on Charges Assessed at Time
of Reprocessing)

Operational Component

Ice Sheet Cancepts
Seabed Concepts

SB-1
Subduction Zone

and Other
Deep Ocean Trenches

SB-2
Stable Deep
Sea Floor

SB-3
High Sedimentation

Rate Areas

IC-1
Meltdown or
Free Flow

IC-2 IC-3
Anchored Shielded Storage

Storage in Ice at Surface

1 Incremental Charge of Transporting
Spent-Fuel from Reactor to Special
Reprocessing Plant Site

2 Charge for Interim Liquid Storage
for 5 Years

5,500 5,500 5,500 5,500 5,500 5,500

3 Charge for Solidification of
Waste into Borosilicate Glass 1,400 1,400 1,400 1,400 1,400 1,400

4 Container Cost 400 400 400 400 400 400

5 Charge for Interim Solid Storage
for 5 Years

900 900 900 900 900 900

6 Charge for Rail Transportaticn of 300 300 300 300 300 300
Solid Waste Containers from
Reprocessing Plant Site to Port
of Embarkation

7 Leveliced Unit Charge for Final 12.000 15,000 11,000 8,000 8,000 5,D00
Disposal Over 25 Years of
Operation

8 TOTAL SYSTEM UNIT CHARGES
(Rounded)

frir 21,000 24,00U 20,000 17,UM 17,000 14,000

10 3 mills/kW-hr 78 90 75 63 63 52

the ice sheet and seabed concepts are

high. A major part of the cost in

either of these concepts is for trans-

port facilities.

3.2.5.3 Extraterrestrial and 

Transmutation System 

Costs 

Separate total waste management

system costs for extraterrestrial and

transmutation elimination concepts

are not developed here because they

are not complete disposal concepts as

envisioned in the reference concepts

analyzed here. These concepts for

elimination of the long-lived radio-

nuclides could be added to any dis-

posal system that provides for at

least 5 years of interim liquid stor-

age. The extraterrestrial or trans-

mutation costs would add directly to

the disposal cost. .

3.3 POLICY CONSIDERATIONS 

An examination was made of the

written national and international

policies which might apply to the dis-

posal of nuclear wastes. The purpose

was to determine how the various dis-

posal methods would impinge on exist-

ing policy, although policy, national

and international, was not a con-

straint in this study.

A number of regulations, treaties,

conventions, and declarations apply to

one or more of the potential nuclear

waste concepts. The rules and regu-

lations established by the AEC in



10 CFR 50 (Appendix F) apply most im-

mediately to the question. The rules

state that interim storage of liquid

high-level waste may be done for up

to 5 years before conversion to ap-

proved solid waste forms. The dis-

posal of the waste, in solid form,

on federally owned and controlled

land within 10 .years after reprocess-

ing of the fuel is stated as policy

in this regulation. Obviously, any

concept which disposed of waste in

any location not "owned and con-

trolled by the Federal Government"

would be in conflict. The shipment

or disposal of high-level nuclear

waste in liquid form is also forbid-

den by 10 CFR 50 (Appendix F).(57)

The restriction on storage of liquid

waste for more than 5 years could

affect the concepts involving the

direct disposal of liquid wastes

underground.

Amendments to AEC policies such as

those discussed above are probably

more easily executed than are those

to international treaties which might

apply. In the case of the federal

codes, the cognizant agency can uni-

laterally declare a policy change as

long as it falls within the limits

of the enabling legislation--in this

case the Atomic Energy Act of 1954 as

amended. In practice, these changes

are usually commented on by industry

and other agenties. Notices of rule

changes are published in the Federal 

Register, and they automatically be-

come law after a specified time

period.

The United States Marine Protec-

tion, Research, and Sanctuaries Act 

became effective in 1973. The act

specifically prohibits the United
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States from transporting and dispo-

sal at sea of high-level radioactive

waste and radiological warfare agents.

This act would affect seabed and ice

sheet disposal concepts.

The United States is bound by a

number of international agreements

which would affect some disposal

methods directly or indirectly. For

example, this country is a signatory

to the Antarctic Treaty of 1959 and

is bound by its terms. Part 1 of

Article V of this treaty states:

"Any nuclear explosions in Antarctica

and the disposal there of radioactive

waste material shall be prohibited."

While this treaty may be amended

(Part 2 of Article V and Article IX

allude to such amendments), under

its present terms any of the ice dis-

posal methods in Antarctica would

clearly be prohibited. Co'nsidering

the complexity of the international

negotiations required to amend trea-

ties, it is apparent that the trea-

ties and conventions which will be

discussed in the following para-

graphs are potentially more restric-

tive than the national ones contained

in 10 CFR 50.

The Antarctic Treaty has already

been mentioned. It prohibits nuclear

explosions and/or nuclear waste dis-

posal in the area south of 60' South

Latitude, including all ice shelves.

Article XII of the treaty provides

that it may be modified or amended

at any time by unanimous consent of

the contracting parties. Part 2 of

Article XII provides that after the

treaty has been in effect for 30

years (i.e., 1989) any of the con-

tracting parties (whose representa-

tives are entitled to participate in



the meetings) may request a confer-

ence to review the operation of the

treaty. At that time the treaty may

be modified or amended by a majority

of the contracting parties repre-

sented at the conference. If such

modification is not ratified within

2 years, any of the parties may

withdraw.

Article I of The Nuclear Test Ban 

Treaty, to which the United States is

a party, prohibits any nuclear explo-

sion "in any other environment if

such explosion causes radioactive

debris to be present outside terri

torial limits of the State under

whose jurisdiction or control such

explosion is conducted." While the

nuciear cavity concept calis for a

deeply buried, fully contained, nu-

clear explosion, there is always a

finite probability of venting. Any

crossing of an international boundary

by vented radioactivity would be a

violation of this treaty.

The Nuclear Test Ban Treaty may be

amended if a majority of the parties

approve and all of the Original Par-

ties (U.S., Great Britain, Northern

Ireland and USSR) also approve. The

treaty is of unlimited duration al-

though any party has "the right to

withdraw from the Treaty if it de-

cides that extraordinary events, re-

lated to the

Treaty, have

interests of

subject matter of this

jeopardized the supreme

its country."

The Nonproliferation Treaty, to

which the U.S. is a

ceivably affect any

concept. The basic

party, could con-

ultimate disposal

objective of the

treaty is the limitation of nuclear

weapons through the effective con-
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trol of the flow of source and spe-

cial nuclear materials.

Article III of the treaty states

in part: "Procedures for the safe-

guards required by this article shall

be

or

is

in

is

followed with respect to source

special nuclear materiai whether it

being produced, processed or used

a.ny principal nuclear facility or

outside any such facility. The

safeguards required by this article

shall be applied to all source or

special fissionable material in all

peaceful nuclear activities within

the territory of such State, under

its jurisdiction, or carried out un-

der its control anywhere." While

mixed fission products and actinide

eiements might be considered outside

the scope of this treaty on the tech-

nical basis of cost and risk of sepa-

ration of the fissionable materials,

any concept dealing with separated

actinide or transuranic element dis-

posal would almost certainly fall

under the agreements of this treaty.

It would seem, then, that those pro-

cedures and operations would have to

conform to IAEA safeguards. Like-

wise, they would be subject to the

appropriate international inspection

and observation.

Any amendment to the treaty must

be approved by a majority of all par-

ties to the treaty and by all nuclear

weapon states party to the treaty.

Twenty-five years after the treaty is

in force a conference is to be held

to decide whether it should be ex-

tended indefinitely or renewed for a

fixed time period. This decision

will be made by a majority of the

parties to the treaty. Each party to



the treaty has the right to withdraw

if it decides that extraordinary

events have"jeopardized the supreme

interests of its country."

Any of the extraterrestrial dis-

posal concepts would come under the

provisions of the Treaty on Outer 

Space, which was ratified by the U.S.

in 1967.

Article VII of this treaty pro-

vides that "Each State Party to the

Treaty that launches or procures the

launching of an object into outer

space, including the moon and other

celestial bodies, and each State

Party from whose territory or fa-

cility an object is launched, is in-

ternationally liable for damage to

another State Party to the Treaty or

to

by

on

its natural or juridical persons

such object or its component parts

the Earth, in air space or in

outer space, including the moon and

other celestial bodies." Any launch

operations or mission aborts could en-

tail international liabilities under

this treaty. An orbit degradation

which caused a capsule to eventually

return to earth might also be subject

to these provisions.

Liability for damage from any of

the space concepts could be incurred

under the terms of the 1972 United

Nations Convention on International 

Liability for Damage Caused by Space 

Objects. The United States has not

yet ratified this treaty, which de-

fines in some detail the responsi-

bilities of countries launching

objects into space. For example,

Article XII of the Convention speci-

fies "...such reparation in respect

of the damage as will restore the
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person, natunal or juridical, state

or international organization on

whose behalf the claim is presented

to the condition which would have ex-

isted if the damage had not occurred."

While this convention will not mate-

rially extend the liability already

accepted under the Treaty on Outer

Space it will, if ratified, mean ac-

ceptance of a precise method for de-

fining, assessing, and paying for

space-related damages.

Any of the sea or ice disposal con-

cepts could, conceivably, come under

the restrictions of the 1958 Conven-

tion on the Continental Shelf. This

convention provides for the protection

of seabed and subsoil submarine areas

adjacent to continental coasts and

those of islands.

Article 5.1 of the convention

states in part that "...the exploita-

tion of its natural resources must

not result in any unjustifiable in-

terference with navigation, fishing

or the conservation of the living

resources of the sea..." Article 5.7

provides that: "The coastal State

is obliged to undertake, in the

safety zones, all appropriate mea-

sures for the protection of the liv-

ing resources of the sea from harm-

ful agents."

The same concepts would also be

affected by the Convention on the 

High Seas. As defined in this con-

vention, "high seas" are all parts

of the sea not included in terri-

torial or internal waters of a state.

Article 25.1 of the Convention

provides that "Every State shall take

measures to prevent pollution of the

seas from the dumping of radioactive



waste, taking into account any stan-

dards and regulations which may be

formulated by the competent interna-

tional organizations."

Any leakage from any of the ocean

disposal concepts would clearly be in

violation of this convention. It is

possible that any radioactivity which

reached the ocean from an ice dispo-

sal site might also be deemed in

violation.

Any contracting party to the con-

vention can

years after

The request

ered by the
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request a revision 5

it has entered into force.

for revision is consid-

General Assembly of the

United Nations.

In summary, there are a number of

national and international regula-

tions on the disposal of nuclear

wastes. Some of these policies would,

in present form, affect some disposal,

concepts. While the international

policies can be modified or abrogated,

it is probably simpler to make changes

in national policy.

3.4 ENVIRONMENTAL CONSIDERATIONS 

This section presents an overview

of the key potential nonradiological

environmental impacts of selected

waste disposal concepts (geologic,

ice sheet, seabed, space, transmuta-

tion) on a generic basis. Additional

information is presented in the appro-

priate portions of Sections 4, 5, 6,

8 and 9.

The primary environmental impact

of concern in the disposal cf nuclear

waste is that associated with the po-

tential release of radionuclides.

This subject is considered signifi-

cant enough that it is treated sepa-

rately in this report (see Section

3.1) and hence is excluded from con-

sideration in this section.

The details of the environmental

impact of various waste disposal op-

tions are highly dependent on the spe-

cific site selected. Without these

details it is still possible, though,

to make some generic statements about

the relative impact of each of the _

possible disposal concepts. The con-

clusions which follow are based on

disposal of waste formed through the

year 2000. This in turn is based on

integration of the number of the ref-

erence cases of disposal of the waste

from a plant reprocessing 5 MT/day of

LWR-uranium fuel (which yields a to-

tAl of 14,500 "standard" canisters

over a 25-year period). The reader

should remember, though, that by the

year 2000 the industry will have grown

to the point where at least 7,500 can-

isters per year of solidified high-

level waste will have to be managed.

This is about 13 times the quantity

from one reference 5 MT/day plant.

The environmental analysis is given

for the five basic types of disposal

concept. While there are variations

in the impacts to be expected within

a basic concept, these are usually

negligible.

3.4.1 Geologic Disposal Concepts 

Land. A11 of the geologic con-

cepts are based on the principle of

isolating the combined actinides and

fission products underground in a

stable geologic formation. Protec-

tion from disruption, both inten-

tional and accidental, from the sur-

face is provided by enclosing the



disposal site within a reservation.

Further protection is afforded by

providing a buffer zone between the

actual disposal area and the perim-

eter of the reservation. Although it

is possible that some existing nu-

clear or non-nuclear reservation

might be used for these purposes, for

the sake of this analysis it was as-

sumed that new land must be committed

for this purpose. For the assumed

buffer zone of 3.2 kilometers

(2 miles) around the area, the total

land use would be cn the order of

65 square kilometers (25 mi 2). By

way of contrast, the 50 typical re-

actors which this reference repro-

cessing plant would service would

have a total combined land use of

about 130 square kilometers (50 mi 2).

It is not anticipated that any non-

nuclear uses of this land would be

allowed.

Water. Water consumption would

be negligible except in the limited

concept variation which utilizes

water cooling. In this concept,

water is used as a secondary cooling

medium in conjunction with air cool-

ing. In this case, the evaporative

consumption of water would be about

76 cubic meters per hour. Very lit-

tle, if any, waste water would be

discharged from these disposal

concepts.

The mining operations could poten-

tially affect nearby waterways.

Since a dry area would generally be

sought, this possibility is remote.

Since some 1.2 million cubic meters

of mine waste must be disposed of,

this could present a serious problem

in the case of water-soluble rocks

such as salt. Most rocks are orders
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of magnitude less soluble than salt,

and the resultant potential for con-

tamination of water would be propor-

tionately lower.

Air. The pollution of air by any

compounds other than radioisotopes is

not likely during the operational

phase. Although an air-cooling con-

cept might utilize some 2.3 million

standard cubic meters per hour of air,

no chemicals would be added. The air

would be carefully treated by more

than one stage of highly efficient

filters.

During the mining operation and

disposal of mine "tailing" wastes,

some dust contamination of the air

could be expected.

Ecologic Impact. Even though a

large land area would be involved, a

relatively small portion of this would

be disturbed on the surface. The only

serious impacts on the terrestrial

ecology would result from construction

of the surface handling facility,

roads, and the spoil area. The spe-

cific flora and fauna affected would

be highly dependent on the area se-

lected. Aquatic ecology should not

be affected inasmuch as water usage

and discharges will be small and

highly treated.

Aesthetic Impact. The aesthetic

impact will be confined to the surface

unloading facility and the road/rail

transportation systems. This assumes

that mine tailings will be disposed

of with a minimum aesthetic impact.

Since this will be in the center of

an isolated reservation, the visual

impact should be very small. Acous-

tic impact, with the exception of the

transportation, will be nil.



Transportation Impact. There will

be some transportation impact--either

truck or rail. If shipments contain-

ing six waste canisters each in casks

weighing 50 metric tons are taken as

typical, shipments will increase from

about 100 per year to about 1250 per

year in the year 2010 for the total

waste management system. Each ship-

ment entails a trip into the disposal

site and a return trip with the empty

casks to the reprocessing plant.

3.4.2 Ice Sheet Disposal Concepts 

Land. The commitment of land in

this concept entails a port of embar-

kation facility as discussed above, a

stagina area (inciuding an airport)

at the edge of the ice, six support

stations en route to the disposal

area and a 13,000 square kilometer

disposal site. The disposal area is

large because the canisters need to

be deposited singly on 1.5-kilometer

centers. The separation is required

to minimize the possibility of the

creation of a large water mass under

the ice sheet. Such a continuous

water body (created by the heat load

of the radionuclides) might trigger

the movement of the metastable ice

sheet. Such a movement could gener-

ate more water through friction-pres-

sure effects and could change the

rate of movement of the ice from its

present rate (generally, a few centi-

meters per year in areas of likely

disposal sites) by at least two orders

of magnitude. Such a shift could

* Compacted snow of density 0.5 to
0.8 g/cm3.
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have catastrophic environmental ef-

fects. If the Antarctic ice sheet

slid into the ocean, the ocean level

would rise about 30 meters over a

period of a few hundred years. The

loss in life and property around the

world would be immense. The change

in the world's weather would also be

profound.

If the ice is considered as land,

the most serious pollution impact

will be the accidental spills of fuel.

The surface transport vehicles used

to transport the waste across the ice

cap consume some 18,000 liters of

fuel per round trip. There are over

300 round trips required per year,

hence a consumption of over 5 million

liters per year. This fuel will have

to be dropped by the equivalent of

Hercules C-130 cargo planes. The

probability of airplane crashes and/

or rupture

fuel drops

Water.

of fuel bladders during

is moderately high.

The consumption of water

would be primarily restricted to sup-

port for the operating personnel--

some 300 people. The waste disposal

operation itself requires no cooling

water.

Pollution of the Antarctic Ocean

and the water beneath the ice shelf

could result from the oil spills dis-

cussed above. Such spills would

penetrate

firn* and

Depending

the surface snow and the

reach the underlying ice.

on where the spill occurred,

the oil could be expected to reach

the sea in anywhere from a few tens

to millions of years. The magnitude

of such spills and the diffuseness of

the spill by the time it reaches the

ocean are such that this should not

be a major problem.



Air. The major impact on the air

will arise from the combustion prod-

ucts of the surface vehicles and the

support aircraft. Likewise, a con-

siderable amount of fuel will be con-

sumed in heating the facilities.

While this is a large effect compared

to present use in the area, it proba-

bly would not have a major impact on

the air quality of locations such as

Greenland or Antarctica. Serious con-

sideration should be given, though,

to the potential impact on the weather

patterns of the southern hemisphere,

for much of that weather is generated

in the Antarctic. Similar effects on

the Northern hemisphere could possibly

result from waste disposal in Green-

land. There is a distinct possibil-

ity that the combustion products could

have an effect on weather patterns.

In this environmental factor, as

well as the others, it should be re-

membered that the calculations quoted

here are based on the disposal of

wastes from one 5 MT/day reprocessing

plant. It should be remembered that

by the year 2000 there may be 8 to

10 plants of this size in operation.

If an ice sheet is used for nuclear

waste disposal, it will likely be

used as an international repository.

The cumulative impact of the total

world's nuclear waste plus the pro-

jected increases of waste in the year

2000 that are manyfold larger than

the reference capacity used in this

study, then, would be several orders

of magnitude greater than indicated

by the numbers presented herein.

Ecologic Impact. The ecoloay of

the ice sheet areas is extremely frag-

ile. It can be compared in many re-
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spects to the tundra areas of the

Arctic region. There are simple

plants (mostly lichens and mosses)

which grow within 450 kilometers of

the South Pole. 58) Due to the cold,

dry weather, animal and plant life is

limited to a few hearty species.

Most of the flora and fauna are con-

centrated in the dry valleys and on

the coasts of the ice sheets. To

minimize their disruption, these areas

should be avoided as much as possible.

3.4.3 Seabed Disposal Concepts 

Land. The above sea-level land

use involved in the various sea dis-

posal concepts will be confined to a

dockside transfer and loading facil-

ity. This will entail less than

1 square kilometer.

If the sea floor is considered

"land," the commitment to this con-

cept is much higher. An estimate has

been made of 930 square kilometers

for the area which should be set

aside. This is based on 100 canis-

ters per hole and holes on 1.5-kilo-

meter centers. This is larger than

the corresponding geologic disposal

site to allow for uncertainties in

navigation and in control of location

and direction of holes drilled deep

in the ocean.

Water. No consumptive use of water

is foreseen in this concept. During

the drilling operations some mud would

be displaced on the ocean floor. Heat

dissipation to the ocean would be so

diffuse at the disposal site as to be

negligible. The impact of a shipboard

accident is discussed below under

"ecologic impact."



Air. No impacts on the air are

foreseen. There is a remote possi-

bility of hitting gas reservoirs dur-

ing the drilling operation. These

could cause air pollution problems

until capped off.

Ecologic Impact. The ecologic im-

pact should be small. Although the

ocean-bottom environment will be dis-

turbed during the drilling operation,

the total effect on the aquatic ecol-

ogy will be small. The productive

near-surface zones should be essen-

tially undisturbed by normal

operation.

In the case of an accidental sink-

ing of a transport ship there would

be a possible release of oil. Depend-

ing on thra disposal area, this could

affect both fish and bird life. While

the oil release from such an accident

would be significant, it would be

small compared to an oil tanker

sinking.

Another potential cause of damage

could come from inadvertently striking

oil or gas in the drilling operation.

The probability of this occurring

should be reduced to a negligible

value by prior exploration of the

site. Moreover, the probability of

finding oil or gas reservoirs at the

6,100-meter depths of the deep sea

concepts is thought to be highly un-

likely. The pressures at these depths

and the geologic nature of the forma-

tions under consideration militate

against such reservoirs. The nature

of the ocean floors, on the other

hand, are not yet thoroughly under-

stood, and the possibility of such a

pollution source should be considered
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at this time. Such an occurrence

would have a serious impact until it

was capped.

Aesthetic Impact. The aesthetic

impact will be negligible since only

a modest transfer facility will be in-

volved on shore. Noise levels will

be low. The drilling and emplacement

operations will be at sea with negli-

gible effects.

Transportation Impact. Truck or

rail shipment will be required to the

port of embarkation. These will be

essentially the same as those de-

scribed previously for geologic dis-

posal concepts. One round trip per

year of the ocean-going vessel will

be required. An estimated one round

trip/month is required for a ship to

supply the drilling platform. Simi-

larly, an estimated one round trip/

week is required for movement of

personnel and small materials.

The noise of surface and air sup-

port vehicles could disrupt the mating

cycle of the birds and animals. Like-

wise, the activity around supply bases

coyld have a disturbing effect. Such

effects could be minimized by avoid-

ing nesting or feeding areas.

Aesthetic Impact. Due to the ex-

treme remoteness of the area, the

visual and aural impact on man would

be nil.

Transportation Impact. Most of

the effects on the ecology discussed

above would be a result of the trans-

portation operation. The noise, oil

spills, and disruption of the surface

resulting from the surface transport

vehicles, and from air, water, and



land support operations would cause

most of the expected impact.

3.4.4 Extraterrestrial Disposal 

Land. The land use for extrater-

restrial disposal is a combination of

the land allocated to the launch site

and that devoted to the disposition

of the separated fission products.

The latter disposal may be assumed to

be the same as for the mixed fission

products and actinide elements dis-

cussed above under the heading

"geologic." While the land used for

geologic disposal can be considered

as permanently committed, that used

for the launch facility is committed

only for the duration of the disposal

operation-50 to 100 years. If it is

assumed that the launchings would be

from Kennedy Space Center and that

this land is already committed to

space uses, one can argue that no ad-

ditional land need be allocated to

the transuranic element disposal by

space launch. This probably would not

hold for an expanded launch program

of 120 or more launches per year. At

that time additional land would have

to be committed.

The planning of the Kennedy Space

Center is such that maximum joint

use of the land is enjoyed. For ex-

ample, the Bureau of Sport Fisheries

and Wildlife under agreement with the

Kennedy Space Center manages all prop-

erty, except launch facilities. There

are also plans to turn over part of

the reservation to the National Park

Service for a National Seashore Park

which might be incompatible with

waste launching.
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Water. The water supply for the

Kennedy Space Center is withdrawn

from the underlying aquifers. Water

usage at the Kennedy Space Center is

estimated for 1980 to be about 3.4

million liters/day (0.9 million gal-

lons per day). Of this total about

57% is estimated to percolate back

into the water table: the remain-

der, 1.5 million liters/day is

consumptively used. Kennedy Space

Center recognizes the danger of over-

pumping.(59) If water is withdrawn

too rapidly along the coastal plains,

there is a distinct possibility of

salt inundation due to inflow of

ocean water. This is guarded against

by pumping from a multitude of wells.

There are also a number of standby

wells for use in an emergency.

Aside from the consumptive use im-

pact, there is the potential for pol-

lution of surface waters. This would

arise from

propellant

The use of

an aborted mission in which

or oxidizer was released.

a spill pond at launch

pads guards against pollution from

such accidents. In a spill of 20,000

liters (5,300 gallons) of propellant

during the loading of Apollo/Saturn

505 in May 1969, all the material

was caught in a spill pond and turned

over to the Air Force for

disposal.(59)

Air. Each launch will release a

significant weight of combustion

products into the air. While

quantities are small compared

combustion productions from a

these

to the

large

power plant (where many thousands of

metric tons of combustion products

are produced annually), it must be



remembered that they represent prod-

ucts from a single launch. For 100

launches per year the potential pol-

lution could be significant. Of

particular concern, would likely be

the potential for high hydrogen

chloride concentrations.

Ecologic Impact. Except for the

effect of noise on birds and animals,

the major impacts on the ecology

have already been encountered during

construction of the Kennedy Space

Center. Although the noise level

will be high [overpressures as high

as 0.014 atmospheres (30 pounds per

square foot) occur during the shut-

tle ascent(59)] during launch,

booster descent, and orbiter descent

from orbit, these periods total only

a few minutes per launch. Although

the net effect on wildlife is unknown,

it is qualitatively no different than

that which has been withstood since

the opening of the Kennedy Space

Center.

Aesthetic Impact. The visual im-

pact on the community will be small

since the launch facilities are in

a large exclusion area. During the

few minutes of each launch operation

the degree of visual impact is high.

The aural impact is potentially

more serious. During the launch

operation the maximum safe 115 deci-

bel noise level is estimated to occur

outside of the 5-kilometer radius.(59)

While the entire land area in this

noise contour is located within the

control zone, there is a much larger

population exposed to nuisance level

noise. In addition, there is the

nuisance problem of sonic booms.

These arise from shuttle ascent, re-
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turn of the booster, and re-entry of

the shuttle. The most severe sonic

boom results from the pitchover ma-

neuver during shuttle ascent. Over-

pressures as great as 0.014 atmo-

spheres can be expected 60 kilometers

(33 miles) downrange.
(59) This area

will be over water; but this is con-

sidered a very serious sonic boom

(all persons surveyed found sonic

booms above 0.0014 atmospheres highly

objectionable; plaster, windows, etc.

are damaged above 0.0014 atmospheres).

During re-entry of the shuttle, the

sonic boom may occur over land. The

maximum overpressure is expected to

be about 0.001 atmospheres between

19 and 185 kilometers from the land-

ing site, depending on flight path

and maneuvers. The width of the area

impinged by the sonic boom is a maxi-

mum of 170 kilometers at a distance

of 185 kilometers from the landing

site.

Transportation Impact. The ground

transportation impact would be con-

siderably greater from the large

launch components than from the "pay-

load" capsules carrying transuranium

elements of waste. In the reference

case, 50 to 260 launches are required

in the year 2010. In considering

this aspect of environmental impact,

as in all others, it should be remem-

bered that only the disposal of trans-

uranium elements is being considered

here. If this disposal method is

used, all of the environmental im-

pacts discussed under one of the ter-

restrial disposal concepts (i.e.,

geologic, or seabed, or ice sheet)

will also be incurred for disposal of

the remaining waste constituents.



3.4.5 Transmutation 

Land. Transmutation of actinide

elements in Light Water Reactors

should require little or no additional

land commitment over and above that

needed for the reactors already

planned and their supporting fuel

cycle services. The basic version of

this concept disposes of only trans-

uranium elements;•hence in consider-

ing environmental impacts one must

add those to be expected from the

disposal of the remaining waste con-

stituents. These are discussed in

Section 3.4.1. The total extra land

affected is only about 4 hectares

(0.04 km2).

Water. The additional impact on

water supplies will be minimal. Most

of these can be expected from the

added fuel cycle load. As discussed

in detail in Section 9, 474 additional

metric tons per year of U308 will be

required. If this is extracted from

ore containing 0.5% uranium, approxi-

mately 95,000 MT of ore must be mined

and milled each

operations will

impact than the

itself.

Air Impact. The fuel cycle sup-

port operations will have a much

greater impact on the air quality

than will

Dust from

portation

the chief

year. These ancillary

have a much greater

transmutation process

the reactor irradiations.

mining, milling, and trans-

operations are likely to be

offenders.

Ecologic Impact. The incremental

ecologic impact from the added fuel

cycle activities is expected to be

very small. The impact from geologic

disposal of the remaining bulk wastes

discussed earlier would also apply to

this case.
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Aesthetic Impact. With the excep-

tion of the added facilities needed

for fuel cycle support and disposal

of the remaining waste, there should

be no aesthetic impact.

Transportation Impact. The trans-

portation impact will be increased

somewhat in all phases of the fuel

cycle. The fuel elements containing

the actinides will require large

shielded containers comparable to

those used in the shipment of irra-

diated fuel.

3.5 PUBLIC ATTITUDES AND PERCEPTION 

OF RISK 

Public attitudes regarding nuclear

waste disposal in particular and nu-

clear power in general are obviously

of enormous importance. Large scale

projects simply cannot proceed with-

out some degree of public acceptance

and favorable attitudes on the part

of key decision makers who are re-

sponsive to public feelings.

The decisions are often highly

technical, and scientific evidence

has been highly deterministic of

these decisions--so deterministic as

to leave little room for public atti-

tudes to affect the decision making

process. In these circumstances,

policy makers have traditionally pro-

ceeded far down the road toward a

final decision before public atti-

tudes are directly sought. The most

common form of public input in this

process is the public hearing where

"interveners" have an opportunity to

express their views. The very term

"interveners" suggests that a deci-

sion is nearly final and the only



course open to those wishing to mod-

ify the decision is agressive con-

frontation. Intervention in this

alassic 7.e%se has. been a very valu-

able nroc...it,s and has changed deci-

sions in .0:,1E ih;tances. However,

interventiJr in the form of public

confrontoticn is not the only way,

or nece,, --. I,Hly even the best way, of

obtaining truly useful public input

on nuclear decisions or of providing

useful information to the pubiic.

Public input in a variety of forms

and at several stages of the decision

process—generation of alternative

solutions, evaluation of alternative

solutions and choice among alterna

tive solutions--might very well im

prnve the quality of nuclear power

decisions. In any case, decisions

once reached, with the benefit of in-

formed public input would almost cer-

tainly be easier to implement. Wider

and earlier participation in the de-

cision process can prevent "last

resort" situations from developing.

Social science methodology de-

signed to measure beliefs, attitudes

and values has been in use for man:i

years. Any of a score of

texts and reference works

hundreds of references to

leading

will list

att:tudc
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measurement (see for instance. insko

and Schopler[60] for an integrated

treatment of experimental approaches

to attitude measurement and change,
r:1 •

Lindzey and Aronson, Vci. 2 1-
A 
'1 and

Runkel and McGrath E621 For research

design and field researcr metiiodology

of attitude measurement. Rappaport

and Summers 
[63] for research methodol-

ogy on human judgment and social in-

teraction, and Lindzey and Aronson,

V 
[61] 

ol. 5 for applications of

attitude measurement in applied re-

search settings). A variety of

methods are available to measure atti-

tudes directly and also to infer atti-

tudes indirectly. However, these

methods have rarely been applied to

the measurement of attitudes about as

complex an issue as the perception of

risks associated with nuclear waste

disposal. This particular issue is

difficult for the following reasons:

1. Many members of the general

public have already formed opinions

based on information from the news

media, and much of this information

is sketchy, 'value laden and

nconsistent.

2. The particular issue of alter-

,c!tive methods of nuclear waste dis-

posal is imbedded in a confusing

array of related questions involving

thE oenuineness of the energy crisis,

the need for or desirability of more

energy. the relative desirability of

31',)rnative sources of additional

,7,r7e-y. the risks associated with as-

pects of the nuclear fuel cycie not

diectly rel.i.ted to waste disposal.

r -edibil:ty of technical informa-

ti n::clear power (whether

"rnri the AEC or elsewhere),

colc:rr er'ilronment, and even

:desirability of

ps)pulatic- growth.

3. Perceptions of risk tend to

arouse emotion, altering jLidgmental

procgsse,.. Thi:; makes reliable mea-

surement more difficult.

4. The nature c' the subject mat-

ter is highly tachnic:,1, and the in-

formation base on which citizen atti-

tudes are formed is very heterodenous

Some respondents have virtually no

information while others are quite



knowledgeable. The information base

of those who have no information on

which to form an opinion must be

raised somewhat to permit informed

judgments and avoid superficial re-

sponses. However, the information

presented must be very carefully

balanced to avoid determining the

results. Information, where little

existed before, is highly determin-

istic of one's responses.

3.5.1 Pilot Study Description 

Because of these difficulties in

applying the attitude measurement

methods to waste disposal concepts

and because of a very limited re-

search budget, it was decided to con-

duct a brief pilot study with the

objective of testing several aspects

of available methodology for appro-

priateness. The methodology and ex-

perience gained can be applied to

later studies where the objective

should be to actually measure public

acceptance of nuclear waste manage-

ment alternatives. The objective of

this brief study was, therefore, de-

velopment of methodology. The re-

sults of the present pilot study

should not be interpreted as measur-

ing public attitudes toward nuclear

waste alternatives. The reasons for

this will become clear as the study

is described. The information is

described in appreciable detail to

illustrate the methodology.

Five generic methods of nuclear

waste disposal were selected for

study. They were chosen to illus-

trate a wide variety of problems.

The disposal methods were: geologic

disposal, ice sheet disposal, seabed

disposal, space disposal in a high-
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earth orbit, and retrievable storage

on the earth's surface. Discussions

with technical and social science

experts plus logical analysis led

to identification of seven elements

of risk associated with each of the

five disposal methods. The seven

elements of risk and their defini-

tions are as follows:

Distance - How far from the nearest

person is the material (how deep in

the earth, how high in orbit)?

Population Density - Aside from em-

placement distance, how far from

population centers is the disposal

site?

Emplacement Operations - What is the

nature of the transportation needed

to get the material to the disposal

site? What is the stage of the de-

velopment of the emplacement technol-

ogy? How likely are mishaps during

the transportation and emplacement

operations?

Stability - Once disposed/stored, how

would the waste be affected by such

phenomena as earthquakes, volcanos,

hurricanes or floods?

Detectability - If there is any dis-

persal of the radioactivity, how well

can it be detected?

Retrievability - Once the material is

in its final disposal/storage loca-

tion, how easily can it be recovered

for further treatment or for emer-

gency procedures?

Protective Reaction - If nuclear

waste escaped into man's environment,

how effectively could the population

be protected?

These risk elements were chosen to be

as independent from each other as

possible.



Because of the controversial na-

ture of the subject matter and the

need to pretest the surve.y methods

chosen on a group that would under-

stand that

attempt to

pation was

the study was a pilot

gain experience, partici-

restricted to "in-house"

volunteers. Announcements of the

study were sent to all members of the

Human Affairs Research Center's staff

at Battelle. Twenty-one members of

the staff, ranginq from se.cretarial

personnel to visiting professors,

participated in 1,:e study. Table 3.30

describes the characteristics of this
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group. This sample is obviously not

representative of the general popula-

tion, and results from it m.ist not

be generalized.

The approach chosen involved admin-

istering a questionnaire to our

twenty-one respondents in small

groups. This questionnaire is at-

tached as Appendix F. The question-

naire asked respondents to rate each

of the seven risk elements with' re-

gard tc each of the five methods of

disposal. These ratings were made on

a seven-point scale labeled "VERY

DANGEROUS" at one end and "VERY SAFE"

TABLE 3.30. Characteristics of Participants of Piiot
Study on Public Attitudes

Total number of participants = 21: 12 men, 9 women

Average age: 28 years

Average education: B.A. Degree + 1 year

Average tenure at Battelle: 1 year

Self. ratirg of knowledge about nuclear energy: (mean) = 4.47;

Standard Deviation = 1.50

(1 = "Know much less than most people"; 4 = "Know about as much aS most

, people"; 7 "Know much more than most people").

Source of knowledge about nuclear energy. Number of participants

checked each category:

16 Mass media (newspapers, maaazines, T.V., etc.)

10 Independent reading (books, technical journals, etc.)

4 Formal training or courses

6 Battelle and/or AEC projects involving nuclear energy

7 Friends, relatives, etc. who were involved in nuclear

energy-related jobs

who



at the other. Respondents were also

asked to rank (from one to seven) the

contribution of the seven elements of

risk to the overall level of risk

associated with each of the five dis-

posal methods. This served as a di-

rect measure of the importance of

each risk element. Respondents also

rated on the seven-point scale the

overall level of risk involved with

each disposal method. In addition,

respondents ranked the contribution

of the seven elements of risk to

risks of nuclear waste disposal in

qeneral, and they ranked the accep-

tability of the five methods of dis-

posal. These were overall judgments

that served as internal cross-checks

on the reliability of the judgments.

Finally, respondents gave some bio-

graphical information, rated their

own level of knowledge on nuclear

energy and indicated how they ob-

tained the knowledge they had.

A before-after research design was

used in the study to obtain some mea-

sure of the effect of knowledge or

information regarding the disposal

concepts on the perceptions of risk.

Two identical forms of the question-

naire were administered to each par-

ticipant, first as a pretest and

later as a posttest measure. After

completing the pretest questionnaire

based only upon the listing of dis-

posal concepts, participants watched

a 30-minute videotape lecture which

described the five disposal methods

in more detail. For each method,

information was presented about the

seven risk elements. Posttest mea-

sures were then taken by having the
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participants complete the question-

naire a second time.

3.5.2 Pilot Study Results 

Table 3.31 presents pre- and post-

test means and standard deviations

for ratings of perceived danger level

for the five disposal methods in

terms of the seven risk elements.

The averages of the seven means for

each method are presented in the next-

to-bottom row of the table. The over-

all ratings of risk for each waste

disposal method are presented in the

bottom row of the table. The means

for each risk element were also

averaged across the five methods and

are shown in the far right column of

Table 3.31.

As a rule of thumb for interpret-

ing differences among means, the

following guides will hold in most

comparisons. A difference of 1.5 be-

tween means is statistically signifi-

cant at the 95% confidence level,

even when both samples exhibit large

standard deviations, i.e., as large

as 2.0.

Within Table 3.31, there are

several shifts in mean ratings from

pre- to posttest. However, the sam-

ple size was not sufficiently large

to permit many of the pre-posttest

mean shifts to reach statistical sig-

nificance. One exception in

Table 3.31 was the pre-post mean dif-

ference of 1.9 in which the Seabed

Disposal method was seen as more

dangerous with respect to Emplacement

Operations. Had a larger sample been

employed, considerably more of these



Mean
Score
(X) and
Standard
Devia-

TABLE 3.31. Mean Scores for Ratings of Risk Level
by Participants in Pilot Study

Geologic
Disposal

Ice Sheet
Dis osal

Seabed
Dis osal

High-
Earth
Orbit

Retrievable
Surface Average of R's
Stora e of 5 Methods

Risk Perception tion
Factor (S.D.)

Pre Post Pre Post Pre Post Pre Post Pre Post Prc Post

i;. 3.7 4.8 5.4 .4.9 1.7 5.1 5.4 G.0 3.0 3.4 4.4 4.0
Distance

S.D. 1.9 1.9 2.1 2.1 2.3 2.2 2.2 2.0 1.9 2.1

R 4.4 4.9 5.8 5.2 4.7 5.3 5.4 6.2 3.7 3.9 4.8 5.1

Population
Density S.D. 1.8 1.8 2.0 2.2 2.3 2.0 2.2 2.0 2.0 2.0

Emplacement X 3.7 - 3.5 3.2 1.6 3.5 1.6 1.9 1.4 4.0 4.2 3.3 2.5
Operation!.;

S.D. 1.7 1.7 1.9 0.7 2.1 0.9 1.4 0.7 2.1 1.9

R 2.7 3.7 3.2 2.7 2.6 3.3 3.9 3.0 3.2 1.9 3.1 2.9
SLability

S.D 1.5 . 1.9 1.9 2.0 1.5 1.6 2.4 1.5 2.0 1.1

R 4.7 4.2 2.7 1.3 1.9 1.8 2.3 1.5 5.6 6.0 3.4 3.0
Detectability

S.D. 2.0 2.0 1.7 0.5 1.5 1.0 1.8 0.8 2.0 1.4
_.

R 4.3 3.1 2.2 1.3 1.6 1.3 1.3 1.9 5.6 6.0 3.0 2.7
Retrievability

S.D. 1.6 1.4 1.3 0.4 0.7 0.5 • 0.6 1.0 2.0 1.7

3.3 2.3 2.2 1.1 1.3 1.1 1.6 1.4 3.9 5.3 2.5 2.2

Protective
Reaction S.D. 1.6 1.2 1.6 0.3 1.1 0.4 1.0 0.9 2.2 2.1

Average of X 3.8 3.8 3.5 2.6 2.9 2.8 3.1 3.1 4.1 4.4 3.5 3.3
7 issues

,

Ovcrall rating
of risk level
for Loch mothoe

R

S.D.

3.4

1.6

3.9

1.6

2.7

1.4

1.7

1.1

2.1

1.3

1.9

1.7

2.2

1.3

2.0

1.3

3.1

1.6

3.9

1.5

2.7 2.7

1 = Very Dangerous 4 = Neutral/Undecided 7 = Very Safe

0
0
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pre-post mean shifts would have

reached statistical significance.

Mean values for posttest ratings

of level of safety are graphed in

Figure 3.14. The ice sheet, seabed

and space orbit methods were similar

in perceived safety of the seven

risk elements, as can be seen in Fig-

ure 3.14. Examination of the ice

sheet, seabed and orbit methods in

Figure 3.14 indicates that these

methods were perceived as quite dan-

gerous with respect to Protective

Reaction, Retrievability, Detectabil-

ity, Emplacement Operations, moder-

ately dangerous with respect to

Stability, and relatively safe with

respect to the risk elements of Dis-

tance and Population Density. The

7

6

4

3

2
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participants perceived the geologic

method as relatively dangerous with

regard to Protective Reaction and

Retrievability, moderately dangerous

with regard to Detectability, Emplace-

ment Operations, and Stability, and

relatively safe in terms of Distance

and Population Density. The partici-

pants saw the retrievable surface

storage method as dangerous with re-

spect to Stability. In terms of Dis-

tance, Population Density, and Em-

placement Operations, the retrievable

surface storage method was rated as

only moderately dangerous, and was

seen as rather safe relative to Pro-

tective Reaction, Retrievability and

Detectability.

ICE SHE1T DISPOSAL

0 SEABED DISPOSAL

A EARTH DRBIT

• GEOLOGIC DISPOSAL

• RETRIEVABLE SURFACE STORAGE
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FIGURE 3.14. Mean Posttest Ratings of Perceived Risk
Associated with Seven Tlements of Risk



Although there are some exceptions,

the posttest standard deviations are

generally smaller than the pretest

ones. This confirms the expectation

that an increased level of knowledge

should decrease the scat+e,- in

responses.

Pretest and posttest means and

standard deviations for ranking the

amount of each element contrib-

uted to total risk are presented in

Table 3.32. Examination of pre-post

shifts indicates relatively few sig-

nificant shifts.

Comparison of Figure 3.14 with

Figure 3.15 indicates a striking simi-

larity between (1) the level of per-

ceived danger associated with an ele-

ment of risk, and (2) the perceived

degree to which an issue contributes

to overall risk (i.e., importance) of

a disposal method. The close cor-

respondence between perceived risk

and importance is not too surprising

in this situation. However, psycho-

logical research sometimes shows that

highly salient variables are some-

times trivial in importance. For ex-

ample, dirty washrooms are salient

and cause many complaints but have a

trivial effect on overall job satis-

faction. In effect, the greater the

perceived danger associated with a

risk element, the more importance

attached to that issue, and vice

versa. This pattern of close corre-

spondence between rated level of

danger and ranked importance holds

in virtually every case. Rho, the

correlation index, ranged from 0.88

to 0.96, thereby indicating the close

correspondence between the two sets

of data.
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Mean posttest ratings of perceived

danger and rankings of perceived im-

portance of risk elements for the

seven issues were averaged across the

five methods to obtain estimates of

risk perceptions and importance of

the elements. The conclusions to be

gathered from these data are limited,

for the results can be readily biased

by the selection of the particular

disposal concepts to be used as ex-

amples. The averages of the mean

values are shown in the two right-

hand columns in Table 3.33.

In an attempt to obtain indirect

estimates of the participants' per-

ceived importance of the seven ele-

ments of risk, the ratings of per-

ceived risk were also analyzed using

multiple regression techniques. For

each disposal method, the ratings of

each of

trea ted

predict

the risk elements were

as independent variables to

the overall rating of per-

ceived risk level for that method.

The result is a linear equation which

weights the independent variables

(the seven risk elements) to maximize

the prediction of the overall rating.

The multiple regression coefficients,

or beta weights, assigned to each

risk element furnish an estimate of

the relative importance of each risk

element.

The weights which resulted from

the multiple regression analyses did

not lend themselves to clear-cut in-

terpretation. There are at least

two explanations for the difficulties

encountered in the interpretation of

these results. First, with small

sample sizes, multiple regression

analysis is susceptible to spurious



Risk Percep-
tion Factor

Distance

Population
Density

Emplacement
Operations

Stability

Detectability

Retrievability

Protective
Reaction

Mean
Score

(X) and
Standard
Devia-

Geologic
Dis osal

TABLE 3.32. Mean Scores for Importance Rankings of
Risk Elements by Participants in Pilot
Study

Ice Sheet
Dis osal

Seabed
Disposal

High
Earth
Orbit

Retrievable
Surface
Stora e

Ranking
of Issues

Average
of X's

Lion
(S.D.)

•Pre Post Pre Post Pre Post Pro Post Pre Post Pre Post Pre Post

R 4.7 5.2 5.7 6.1 5.9 6.3 6.0 6.5 4.1 3.4 6.0 5.8 5.3 5.5

S.D. 2.1 2.0 1.8 1.5 1.4 1.4 1.5 0.6 2.3 2.0 1.5 2.0

R 4.4 5.1 5.9 6.0 6.1 5.9 5.6 6.3 4.1 3.7 5.2 5.6 5.2 5.4

S.D 1.5 1.9 1.7 1.1 1.3 1.1 1.5 0.7 2.1 1.9 1.7 1.4

X 4.1 3.6 3.7 3.9 4.6 3.6 3.0 2.7 3.8 3.2 4.0 4.0 3.8 3.4

S.D. 2.2 1.8 1.8 1.4 1.6 1.3 2.0 1.6 1.7 1.5 1.7 1.5

R 2.8. 3.G 2.0 3.7 3.3 4.4 4.1 4.2 2.7 1.9 3.5 2.9 3.0 3.7

S.D. 1.6 2.0 1.6 1.9 1.5 1.4 1.7 1.2 1.8 1.1 2.0 1.8

R 4.4 4.6 3.1 2.7 2.6 2.9 3.4 2.9 5.0 5.3 2.7 3.2 3.7 3.7

S.D 2.2 1.8 1.5 1.3 1.4 1.2 1.7 1.2 1.7 1.4 1.7 1.6

R 4.7 3.2 3.3 3.2 2.9 3.8 3.1 3.1 4.8 5.9 4.0 3.7 3.8 3.8

S.D. 2.1 1.7 1.6 1.5 1.4 1.4 1.4 1.3 1.9 1.1 1.8 1.7

R 3.3 2.6 3.2 2.4 2.5 2.0 2.7 2.3 3.4 4.6 2.7 2.6 3.0 2.8

_ S.D. 1.6 1.5 1.7 1.5 1.4 1.5 1.4 1.4 1.7 1.8 1.4 1.5

1 = Most Important Contribution to Perceived Risk

7 = Least Important Contribution to Perceived Risk
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FIGURE 3.15. Mean Posttest Rankings of Perceived Relative
Importance of Seven Risk Elements

relationships which occur through

the operation of chanco variation.

Despite tha relatively large standard

deviations shown in Table 3.31, ex-

amination of individual cases indi-

cates that several irstances of large

variation were actually caused by one

or two extreme ratings. Thus the

large standard deviation did not re-

flect an even distribution of scores

about the mean but were caused in-

stead by isolated cases. With the

small sample sizes in this study,

multiple regression tends to capital-

ize on chance fluctuation; the re-

sulting beta weights erroneously re-

flect these chance fluctuations.

A second possible reason for the

inconsistent pattern of beta weights

may be due to the overlap among the

BNWL-1900

seven elements of risk. In multiple

regression analysis, if two predic-

tions appear to overlap or to measure

a similar characteristic, one of the

two will receive a substantial weight

and the other will receive a rela-

tively small weight. For example,

Population Density and Distance may

have been perceived as similar

sions; if so, the beta weights

be inconsistent. The tendency

risk elements to interact with

dimen-

would

for

one

another can be minimized somewhat by

(1) choosing risk elements which are

independent of one another and (2)

including instructions to the par-

ticipant which clearly describe each

risk element so that each is distinct

from the others.



TABLE 3.33. Summary of Perception of Relative Danger
and Importance Elements by Participants
in Pilot Public Attitude Study

Geologic Disposal Ice Sheet Disposal Seabed Disposal
High

Earth Orbit Dlsposal
Retrievable Surface

Storage

Overall Average for Each
Element for all 5
Disposal Methods

Rating(a) Ranking(b) Rating(a) Ranking(b) Rating(!) Ranking(b) Rating(a) Ranking(b) Rating(1) Rankinglb) Rating(a) Ranking(b)

Protective Reaction 2.3 2.6 1.1 2.4 1.1 2.0 1.4 2.3 5.3 4.6 2.2 2.8

Retrievability 3.1 3.2 1.2 3.2 1.3 2.8 1.9 3.1 6.0 5.9 2.7 3.6

Emplacenent Operations 3.5 3.6 1.6 3.9 1.6 3.6 1.4 2.7 4.2 3.2 2.5 3.4

Stability 3.7 3.6 2.7 3.7 3.3 4.4 3.0 4.4 1.9 1.9 2.9 3.7

Detectability 4.2 4.6 1.3 2.7 1.8 2.9 1.5 2.9 6.0 5.3 3.0 3.7 (-0

Distance 4.8 5.2 4.9 6.1 5.1 6.3 6.0 6.5 3.4 3.4 4.8 5.3

LID

Population Density 4.9 5.1 5.2 6.0 5.3 5.9 6.2 6.3 3.9 3.7 5.1 5.7

Correlation Between
Rating and Panking(c) Rho = 0.96 Rho = 0.89 Rho = 0.93 Rho = 0.96 Rho . 0.88

a. Rating of relative perceived danger

1 = very dangerous
7 = very safe

Ranking of perceived importance

1 = most hnhortant
7 = least important

c. Rho is an index of the correlatioh relationship
between the two variables (1 = exact correlation).
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3.5.3 Pilot Study Conclusions 

Some conclusions can now be drawn

about the methods used in this study

to measure perceived risk and the

relative importance of risk elements.

First, the videotape method of pre-

senting technical information about

disposal systems appeared to be ef-

fective as a communications device

and had the important advantage of

presenting a standard message tc the

respondents (the videotape presenta-

tion used could be improved). Second,

the direct ranking of importance of

risk elements by the participants

shown.in Table 3.32 provided a use-

ful method of determining which ele-

ments were most important in contrib-

uting to preceived overall risk. in

future studies this direct method of

measuring importance of elements

should be supplemented and cross

checked by indirect methods of mea-

suring importance. The study design

would permit multiple redression

analyses yielding an indirect mea-

sure of importance if the number of

respondents were increased consid-

erably (say to between 200 and 300)

and if the spectrum of participants'

backgrounds and interests were much

broader. Past research has showr.

that indirect measures of importance

are sometimes more useful than di-

rect measures in highly emotional or

abstract content areas. Third, the

current design involving judgments of

risk, both before and after the video-

tape presentation, is a useful ap-

proach for exploring attitude change,

an important topic in this arena

where public preconceptions are often

based on faulty data. On balance,
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the current approach with minor modi-

fications appears useful for broader

use.

Conclusions drawn from tne "re-

sults" obtained in this pilot study

must be tempered by several considera-

tions. The sample was much too small

to yield results of high reliability

or to permit certain analyses that

require large samples; the respon-

dents were an "in-house" group sym-

pathetic to the research approach;

and the sample was far from represen-

tative of the general public. In

these circumstances, the validity of

the data is indeterminate by

definition.

With these caveats in mind, what

were the most striking findings?

First, there appeared to be a direct

relationship between the amount of

danger perceived in a

facet of risk and the

tached to that facet.

particular

importance at-

This finding

might be expected on an intuitive

those features of a dis-

posal method which are viewed as dan-

gerous are also seen as the most im-

portant contributors to the overall

risk of a method.

Second, within each disposal

method, there dre certain risk ele-

ments which the participants per-

ceived as Quite dangerous (and impor-

tant) and other facets which they

saw as relatively low in risk (and

unimportant). Of particular interest

is the participants' perception that

Distance and Population Density

tended to be regarded as relatively

low in importance when compared with

some of the more technical character-

istics of waste disposal, such as

basis; i.e.,
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Detectability or Emplacement Opera-

tions. Also of interest is that, for

four out of five methods (all but •

retrievable surface storage), the

issue of Protective Reaction was seen

as very important. If these views

are replicated in future research,

it would seem to be an important

finding for policy makers to keep in

mind.

3.5.4 Future Studies 

The activities described in this

section represent a pilot test of a

methodology for measuring and describ-

ing public attitudes about the risks

associated with nuclear waste dis-

posal. The major value of the work

reported here is as a- point of depar-

ture for subsequent research on pub-

lic acceptance and risk. In a second

phase of work in this area, data

should be gathered from a larger and

more representative sample of the

general public.

A larger sample size would lend

itself to meaningful interpretation

of the results and also permit the

use of more extensive analytic tools.

For example, the data from large sam-

ples could be analyzed using multiple

regression techniques. Such an ap-

proach might be useful for obtaining

indirect estimates of the importance

of risk elements. Consideration also

might be given to surveying particu-

lar groups such as the membership of

special interest groups of key com-

munity organizations.

From the experience of conducting

this study, several suggestions can

be made which would strengthen future

research efforts. First, the video-

taped information package should be

revised and carefully edited to as-

sure that the information is solely

descriptive and free of value-laden

words or other biasing factors. Am-

biguous or undefined technical-

scientific material should also be

minimized. Second, comments from

participants and reviewers indicate

that certain parts of the question-

naire should be changed or revised.

For example, the participants re-

ported difficulty in distinguishing

between the concepts of Distance and

Population Density. Also the ele-

ments of risk should be more explic-

itly defined and consideration should

be given to modifying this list of

seven elements, including a considera-

tion of time duration. Modification

of the questionnaire to give respon-

dents a measure of the absolute risk

of the nuclear waste (and other)

alternatives should be considered.

Finally, a disparity was noted among

the risk elements being rated, and

the adjectives used to define the

rating scales (e.g., Very Dangerous

and Very Safe) did not constitute

meaningful categories for judging

certain risk elements, such as De-

tectability and Retrievability. At-

tention should be directed toward

improving the judgment categories

used for rating and ranking.

In summary, the survey research

methods used in this study appear to

be useful tools for gathering infor-

mation about public perceptions of

risk. Recognized needs to improve

this approach for future research

would not require any fundamental
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changes in design or format. Ob-

viously, otner approaches (for in-

stance, hearings) should also con-

tinue to be used.
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1.A.1

Conversion Factors 

To Convert 

calories, gram
centigrade
centimeters
cubic meters
cubic meters
cubic meters
grams
grams/liter
hectares
hectares
kilograms
kilometers
kilometers
kilowatts
kilowatts
kilowatt-hrs
liters
liters
liters/min
meters
meters/min
millimeters
mills/kilowatts-hrs*
newtons
square centimeters
square kilometers
square kilometers
square meters
tons (metric)
tons (metric)
watts
watts hours
watts hours
watts hours
watts hours
watts/cm2-°C

(watts/cm2)(°C/cm)

Into  Multiply By 

Btu 3.9685 x 10-3

Farenheit (C° x 9/5) + 32
inches 0.3937
cubic feet 35.31
liter 1000.0
gallons (U.S.) 264.2
pounds 2.205 x 10-3

pounds/cubic feet 0.062427
acres 2.47
square kilometers 0.01
pounds 2.205
miles 0.6214
feet 3,281
Btu/min 56.92
horsepower 1.341
Btu 3413
cubic feet 0.03531
gallons (U.S.) 0.2642
cu.ft/sec 5.886 x 10

-4

feet 3.281
feet/min 3.2.81
inches 0.03937
dollars/kilogram U* 277.2
pounds 0.2248
sq. inches 0.1550
acres 247%1
square miles 0.3861
square feet 10.76
kilograms 1000
pounds 2205
Btu/hr 3.413
Btu 3.413
ergs 3.60 x 10

10

foot-pounds 2,656
kilogram-calories 0.8598
Btu/(hr-sq ft-°F) 1760.6
(Btu/hr-sq ft)(°F/ft) 57.8

* at 33,000 megawatt days (thermal)/ton(metric) U and
35% conversion efficiency, thermal to electrical.
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APPENDIX 1.6

GENERALIZED MAPS OF THE UNITED STATES

1.B-1 Seismic Risk Map of the United States

1.B-2 Principal Faults Located in the United States

1.B-3 Areas of the United States that Would be Inundated by H-
and 150-Meter Sea Level Rise

1.B-4 Productive Aquifers and Withdrawal from Wells
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APPENDIX 2.A

NUCLEAR REACTORS BUILT, BEING BUILT, OR PLANNED
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A6 ;i16:1 TO ;21,1 > 513.u0 uLSTIN6HOuSE PUERTO RICO
RLSoORCL  ELECTRIC CORP.

AHTHORIrY -- ---

1 'WkS P1 , 82o.-00 BABCOrK U 1:11.COX - AkKANsAS
! COw COMPANY
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-1973 -

-7' `..;i; P. COVBUSTTUN ARKANSAS. - 1975
AA: COM; A;;Y ER6INEERING, INC.

AIL/A .1 iC 1

V
P•R 11Y).00

0 IC SE:kyr::: r
ANU V

11-9m0

wt_STINGHOUSE
ELECTRIC CORP.

NEW JERSEY 19Rn

weSTINGHOUSE NEW JERSEY 1981 -
ELECTRIC CORP.

-IPP •
iJr.L.1C SOO/ ZL

CC.WPANY

A 660.04 GENERAL ELECTRIC INDIANA 1976
COMPANY

,ALL.EY 1
COWANY

oLA,E; 2 , LI.
COWANY

Pm.R 847.00 NLSTINGHOUSE PLNNSYLVANIA 1974
ELLCTRIC CORP.

ro2 847.00 hESTINGHOuSE PENNSYLvANIA 1978
ELECTRIC CORP•

dr_cL i ATTON E 10RK STr:
,Lrc, OAc;

ffpR R3A.00 GENERAL ELECTRIC NEW YORK
COMPANY

1978

jt,t-ii,.,tPA, 1 o.JY .,.Aft:LAL 1110.00
EUISON ELECTRIC CORP.

dESTINGHOOSE ILLIMoIS 1980
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jN(,111 COMPANY
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PAGF 2

STATE STARTUP YEAR

wLSTIf:GHnuSE ILLINuIS
Li_t_cTRIC CORP.

Ot..,4LRAL ELFCTRIC ALAPAMA
COMPANY

oL,,".RAL ELFORIC ALAPAMA

ut.,,LkAL LLF(,TRII ALPIOA
comPANY

i(k 1 '‘ r r",'1-eOu Cit:,4LkAL ELFORIC NORTH CAROLINA
I I (...j1PA' 1 COMPANY

C - r:11.00
i I C

W' ':• L. r • "

u . 2 L 'Hk 11)0.0u

L .1- Lid . 111'.0 '70.1-1u

1 ,̀ ,f

%-ALJJ. , 01 CAL. •

i2E,,LRAL ELFLTRIC NORTH CAROLINA
COMPANY

WESTTNWUSE7 ILLTHor
ELLC1rIc COHp.

*LSTIkibtiouSE
Li_Lcrric CORP.

ILLINOIS

l'uLE GENERAL CALIFORNIA
ATOMICS

19A1

1973

1974

1974

1975

1974

19t10

19111

uoLF GENEkAL —CALITT-TiNTA 1983
ATOMICS
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11!_11Y TYrE CAPACITy, vNE VENDOR STATE STARTUP YEAR

CALvLi:i I “AT bAS A :7'
"IC CUluiPt,;,'t

r P75.00 COMBUSTION MARYL—AED r974---

LAL4LN .:..LIFFb 2

ENL7INEERING, INC.

11-3i;t: 6AS
rL CI-4 1C COMP

!;75.00 COMBUSTION MARYLAND 1975
ENGINEERING, INC.

LAi;._A I P,).4Et2 T wLSTINGROUSE SOON- CAROLINA 1979
ELEcTRIC CORP.

ntvEi;

, r:AK I 4, X', c7-

,

115n.00

wESTINGHOuSE SOUTH CWkOLINA 1980
ELECTRIC CORP.

wESTINGHOUSE ---- TEXAS - 1980
ELECTRIC CORP.

ct";AmhCriL PCAK WESTINGHOUSE TEXAS 1982
ELECTRIC CORP.

C*,ICTICUr
,A :LEFT A1Ot.1C ELEcTRIC CORP.

..c,1; COIAPA..1

1-'',R

UIVIA u

575.00 wESTINGHOuSE CONNECTICUT 1968

PIJ-P 1094.00 WESTINGHOUSE-- MICH/GAN 1974
tr,7A ELECi:,1C ELECTRIC CORP.

CONTANY

2 I 'IJIAI4A
I, ELECI :1C

7.W.PANY

P R 1060.00 WESIINGHOUSE MICHIGAN
ELECTRIC CORP.

- 1975

COCi R N. BVR 778.00 GENERAL ELECTRIC NEBRASKA
P .tNL. DISTRICT   COMPANY

1973
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TILII1 TYrE CAPACITyP VENUOR STAIE STARTUP YEAR
- - - ...... _ ......

IL. ILA
COMPANY

s5n.ou BAUCOCK 0 WIOUX

0 71JC EtilS F72.0U LlikoLOCK 0 WILCOX
(QwPAkY COMPANY

E: .A,, VA Po t
, LIUHT .

hc14 770,0o ouLF Gt-INrkAL
ATOMICS

FLOP1DA

OmIo

UELAWARE

:.1.%1A 2 LL."000i:A PO ;I,
.1C;11 ATOMICS

'1`i • 1 , o‘',; TI IC U10-)
I. C; ,

,

Jo6o.Ou oLSTINGHOUSE CALIFORNIA
ELECTRIC CORP. 

IA iFIC OAS 1060.00 wESTINGHOUSE CALIFORNIA
.L C IL :.10Y1 ELECTRIC CORP.

i-nr,,f 1 r iC

f„!.,( T, AC .:LEC7 .ir
Pu4rR COMPANY

,

uttL ' ;to , iLAL1.!_
L 1- 'N COMPAI Y

.:4 GENERAL ELrLTRIC ILLINOTS
COMPANY

E. 1 -,114 CnMPA
d An9.00 GENERAL ELECIRTr TII-LTUrc

COMPANY

TriTn.ou OENLITA-1:- EITCTITTC MARYEAND
COMPANY

19714

1974

1979

770.00 GULF GENERAL UELKWARE r

1975

- 1976 

tla0.-06 GENERAL ELrCTRIC MARYLAND 1981

1970

-1-g71
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CAPACITY' MviE
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VENDOR
LINN •••• air

STATE
wig

STARTUP YEAR
es •••

7,-1,401_D

L,AhaL: rLWAI

1 ,O FLzCIOTC
L  AV) t:k 

:7,:oVAta

I. 7 UETP017
E COmPA', f

,1•0

L,LP.

56(1.00

1126.00

G NE L C
COMPANY 

GENERAL ELEcTRIC
COMPANY

MICHIGAN 1976

L7f If EuIL
C611,PANY

11-50.0-0- GENERWL ELELTRIC
CORP.

MICHIGAN 1979—

VAOLLY 1

LL

,L;'flAmA
rOrPAhY

.1k
rOWAAY

Pt 13

Pt

82q.00

P29.00

wESTINGH0OSE
ELECTRIC CORP.

wESTINGHOUSE
ELLORIC cm*.

ALABAMA

ALABAMA

19/5

1977

I Zt ACK i P, AUMUR Y
1_ STATE (,l 
.4. Y.

Hcr< 821.00 GENERAL ELECTRIC
COMPANY

NEw -Y6RK T973

FC,0‘Lo rAVEI:

fOr<1 LAL.hCoL

I

1

CENT, AL
,U rk LIG,IT 

COr,P414Y

'N.hA PUE3LIC
P, 01SUACT

Pt P

Ptr4R

1140.0U

457.OU

COMBUSTION
LNGINEERING, INC.

CON:JUST2°N
ENGINEERING. INC.

NEw JERSEY

NEBRASKA

1978

1973-

ul“ .1-,A UA IC c.,1110/1CL
coiv.PIINY OE
CL.01,A00

I-iTOP 330.0U GENERAL DYNAm1CS COLORADO 1973

OI,AA 1 q1LR uftS A,,r)
CrIC COMPni,).

PWR 420.00 wESTINGHOUSE
ELECTRIC CORP. 

NEw YORK 1970
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1-T-N,C1(1' TvflF CAPACITP  VENUOR STATE STARTUP YEAR
- _ .............. -

(-71."-;;J ,,A_F 1 P 129o.uo
LloHl C:. CORP.

.0 IT Ln I " I), 1,
C01% l'',14Y WILCOX

GENLRAL ELECTRIC mIssIssIprI 1979

11r,;(1.0U BABCOCK AND MICHIGAN 1979

6i-l_c.Lor LT-01T Loy 1.15n.uo BABCOCK AND MICHIGAN 1981
(:OmPANY WILCOX

-u1A 11n0.750 aLSTINGHOuSE GEOnIA
ELECTRIC COHP.

L;v4OTW. ,01A PO!.; 1":1: 11.10.00 wESTINGHOUSE GEORGIA 1979
ELECTRIC CORP.

1 !iv,: .; ...07 1 ;)07q..1C
, 0 SUPPL

.p BABCOCK -AND WASHIVGTON
WILCOX

19(30O.

10.1, A iv; ,610N POILtr
SUPPL(  

SYSTEM

tii,iLh E-"C,,LA POWro
(701.1-"der

1100.0U GENLRAL ELECTRIC WASHINGTON--
COMPANY

7n6.0u GLNLRAL ELECTRIC GEORGIA 1974
COMPANY

hvilLH 2 L; ''GIA Al
'2OrrPANY COMPANY

11:Lfi1iw rDI,J C , sf.LIOAT:J; Fvt
E G,s,r ComPANY

N. Y.

mE TIN U N W 0 K 1973
ELECTRIC CORP.

796.00 GENERAL ELECTRIC GEORGIA 1976
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klAlhc. !ANKLE r; A ILE YANIW,
 A/rJ4IC PotriFii
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viC0J1E 1 POWE,
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L:LAJilE a POviEk
CCMPANY

MENOCLINO 1 !_ACIFIC GAS 0
ELLSTPIC COMPt0
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 PEACioh TYPE CAPACTTy. MA E VENDOR STATE STARTUP YEAR

PtTi 965.00 WESTINGHOUSE NEW YORK 1g714
ELECTRIC CORP. 

Ovk 570.0U kESTINGHOUSE WISCONSIN 1973
ELECTRIC CORP.

LVP 10/e.Ou GENLRAL ELECTRIC ILLIN0T5 1977
COMPANY

1117B.00 GEhERAL ELECTRIC ILLINOIS 1978
COMPANY 

1065.00 G44LRAL -ELECTRIC- -PENNSYLVANIA 19711
COMPANY

IN5.00 GENERAL urLTRIC PENNO-LvANIA 1979--
 COMPANY

790.00 cOMBUSTION MAINE 1972
ENGIHEERING. INC.

PAH wESTINGHOUsE NORTH CARoLINA 1975.1150.00
ELLORIC CORP.

Pt'R 1150.00 i.ESTINGHOuSE NOkTH CAROLINA 1977
 ELECTRIC coRp.

Eq,F2 1128.uo (3ENERAL ELECTRIC CALIFORNIA 1977
COMPANY
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TItiTY tqArv
•m•

PEALHOr TYrE CAPACITy 0
••• day

VAE VENDOR
••• ••••

STATE STARTUP YEAR

,LPIC

HIL,L,.hP 1

41cir IC GAS i
cotopry

C 14sk:EUS PO F.
cOmPANY

LVq?

PLR

1129.0U

4 2.0u

GEhERAL ELrCTRIC
COMPANY

8ABCOCK u WILCOX
COMPANY

CALIFORNIA

MICHIGAN

MICHIGAN

—1919

1977

• I ul.“14 --) 2 C Hs,IHFRS PO-L.+
COmPANY

rtp 8I9.00 BALILOCK 0 WILCOX
COMPANY

1978

197-0

1974 —

,1LL,,1GN!- 1

HILLI:luPF 2

c.014TANY

POILT

14 I) (-52.00

nw?,.00

6LNLRA-17.-EuEoR1c
COMPANY

COMBUSTION
ENGINEERING. INC.

ToNITTJTcut

CONNECTICUT

MINNrsOlA

zwTir-RŠET-

NEw jrkŠEY

yvLkH
ClkPAI'r

545.0u GLNERAL ELECTRIC
COMPANY 

1971

I

.1,LAC 2

:C
E,,,Lcfs 0 GAS CO*

'" No J.

,(PyLIC ARVRA-
ELEcT. U GAs

Ir8P.DU

1 1708.(10

GE;4LRAL ELECTPTC7--
COMPANY

GLNERAL ELECTRIC
COMPANY

- 1177

NINL miLL roUJI

J.

MOW-1(
CON,PAT

!1,. f,2:9.06 GE- 1 40AL ELECTRIC
COMPANY

NEW YORK 1970

PGINT 4 I!y4wA AM? 1100.00 GEI,LRAL ELECTHIC--- NEw YORK
Pu,;;LR CORP. CORP.
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,IILITY NAME
mhs •••

REACTOR TYPE CAPACITY. mwE
my 4n.

VENDOR STATE STARTUP YEAR
•••

NOlh A1,NA 1

Nul.TH Ar;NA 2

'41 1.GT'IA ELECTRIC
U COMPANY

GILlA ELECTRIC
6 PcER COMPAhY

1 'IR

Pl•R

A45.00

945.0o

wESTINGHous6
 ELECTRIC CoRp. 

wE5TINGHOuSE
ELECTRIC coRp.

VIRGINIA

VIRGTNTA

1914

1975—

kohl). 0,4NA 3 VI C/AA LLECTkIC
COMPANY

PWR 940.00 84B-C-OCR
wILcOX COMPANY

 1977 

NOkTO m..NA 4

140,0r.EAST
oTILiiIES

LLECNIC
COMPANY

-T,THEAST
UTILITIES

pv:1-2

P'tP

940.00

110(1.00-

BABCOCK AND
 wiLcOx  COMPANY

wESYINuf-1003E-
ELECTRIC CORP.

VIRGINIA

CONNECTICUT

19 (B

1979

0110E POWE
COMPANY 

pvAl R41.00 bA8COtK o WILCOX
COMPANY 

50UTH CAkoLTNA  1973

OCGLE 2

.4.:

1JKE POWEn
ComPANY 

,KE PONE
COMPANY

PtiR

PWR

P36.0U

886.00-

bAbcOCK 0 WILCOX
COMPANY

BABCOCK 0 WILCOX
COMPANY

SOUTH CAROLINA

SOuTH CARoLINA

1973

1914

6YJiLk ChM( 1 ,ERSEY CENTAL
P(WO AND LIMY

COMPANY

WAR 650.00 GENERAL ELECTRIC
COMPANY

NEw JERSEY 1969

PALIaADU7, CNstIMERS P(:4.EP
COMPANY 

PhYR 700.00 COMBUSTIoN
 ENGINEERING. INC.  

MICTRGAN 1972
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STATE STARTUP YEAR

11-ALti

;

i C -1 'IC

!ILA1)1:LEHt
L. C r) IC CONIP(14.,,Y

C E LL
111.

1065.00 GENLRAL ELECTRIC
COMPANY

GENERAL ELECTRIC
COMPANY

GENOAL ELFCTRIC
COMPANY

PENNSYLVANIA

PENNSYL vANIA

OH%

—103

1974

C_L ,,,:LA[11) EL.
111.

`LADEL1'h11
(O a

• 11(10.uu GLNLRAL ELECTRIC
COMPANY

tot-F GENERAL
ATOMICS

OHIO

PENNSYLVANIA

—T-9-871

1-180 .

i'LmocL('HT,) 111CP 11(',0.00 GULF GENERAL
ATOMICS

PENNSYL vAN-I A —101

io 1

1'

o -,7v:, EL IS
!-:)1,PANY

r59 To— GLIIERAL ELECTRIC—PWSSATFICISETTS— —1 e372--
COMPANY

11(1.110 COMBUSTION
ENGINEERING, INC.

NASSACHUSETTS 1979

tLtili I 1 SC Oft.; 11

LL_C TF;1C PO-LR
7.0vPANY

1 ur)7.00 oLŠTINGHOOSE
ELECTRIC CORP.

PC/Thi ACii c I SCO,4SIN
1_,:::fk1C PO  CI
CWAN1

—11(77:TT° WE MN-UM sE
ELECTRIC CORP•

WISCONSIN

WISCONSIN

-19TO -

-rgri
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PLANT i4/0/E NAML PEaCTOF TYFE CAPACITYP MOE VENDOR STATE STARTUP YEAR
- - - - ••• ••• IMP me ••• omb •••

PRAlilL .SIJG4D 1 v4EpN STATES PV:R 530.00 4LSTINGROUSE MINNESOTA 1973
 0,LFR COMPAnY ELECTRIC CORP. 

isLAND 2 N,RTHEIH tJTATFS
pO"ER COMPANY

PV42 530.06 voES1114GROU3E
ELECTRIC CORP.

MINNESOTA 1-974

Wad CiFILS1 C,J-116NWEALTh Tw'R t09.0-0- GENERAL -ELECTRIC ILLINOTS---- --- 1972
IsA COMPANY COMPANY

CluALI CAfIE-5, c 'koNAALTh (16R 819010 GENERAL ELECTRIC ILLINOIS 1972
 E COMPA^Il COMPANY

—

--a
--a

TUAi..iCAIDSEC c'NsijMCO'S FoR f150.0U iiESTINGHOUSE  MICHIGAN 1981
ELECTRIC CORP.

JUANICSEE 4 C NsoNEPy PO+ MR 110.00 wLSTINGHOUSE MICHIGAN 1982
ELECTRIC CORP.

CECO OCHA;IENTr PF72 A04.00 IJABCOCK 0 WILCOX CALIFORNIA 1974
ICIPAL UTILITY

i:JSTRICT
 COMPANY 

GULF STATES
uTILITIES

DwR 940.00 GENERAL ELE-CTRIC
COMPANY

LOUISIANA 1979

,41Vt::bENC 2 G:.ILF STATE': BwR 940.OU GENERAL ELECTRIC LOUISIANA 1980
UTILITIES COMPANY 

KuBL,..JON 2 C.\R;JLINA POWEit 0 PWR 700.00 4ESTINGHOu5E SOUTH CAROLINA 1971
I5HT COMPAY ELECTRIC CORP. 
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Pi_ A y I HALE FIL1T 1JA,0, PE A(; 10P TYPE CAPACITY! VENDOR STA TE STARTUP YEAR

19-7q

1981

cuINT

kUmL

LAC;iV.SEH
:_LCT7IC

I_LCT'tC

050. U0

c5n.00

.EST INGNOUSE
ELECTRIC CORP.

oLSTINGHooSE
ELLLTRIC COHP•

RHODE ISLAND

RHODE ISLAND

d i iC ;LRV;,..
J-,'T. 0 6AS c,).„ 

I, J.

1
. _

WLST INGHOUSE
ELECTRIC CORP.

NEw JFRSEY 1974

1_•,'))-1),t

C ;
0 6AS

4, R. J.

I iEl(.1
f., I+ )1.i :IA Li'

P,A; 1P50.00

,11‘0,00

.iLSTINGHOOST--
ELLLTRIC CORP.

hLSTINGHOUSE
ELECTRIC CORP.

NEW JFRSEY

CALIFORNIA

—1975

1968

,F

L

I r N1,1 ED
cCHIIINY

1140.0U COMBUSTION
ENOINEERING! INC.

CALIFORNIA 1975

.1976
17(1,r IA t. ,
COWANY

L ; SERv IC,
.H .

I'

1 .A

1140.ft

1190.00

COMBUSTION
ENGINLERING. INC.

wLSTINGHOUSE
ELECTRIC CORP.

CALIFORNI1

NEW HAMPSHIRE 1979

'JLAC,syk ?VIC 11n0.0u wESTINGHOUSE
ELECTRIC  CORP.

NLW HAMPSHIRE 1980

SE L. ,A 1 A HONER co • 1200.UO GENERAL ELECTRIC ALABAMA 1981
COMPANY
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TIL111 Nam;
". • • • •

PEAcior TYPE
• • • • •

CAPACITYP
r T •

MwE. VENDOR STATE STARTUP YEAR

SLLI 0-% 2

(Le.i.,J)aH 1

;AL,E3A L! •

T,ft,rSsLE VALUY
AuTHURITY

t-4P

Pv,R

12000)0

1124.00

GENLRAL ELECTRIC
COMPANY 

WESTINGHOUSE
ELECTRIC CORP.

ALAPAMA

TENNESSEE

1982

-1975

SLG...,:sAH 2 T..NtFSSEE VALLE."
f%THOPITY

F-AR I124.0b n EST INGHOu-SE
ELECTRIC CORP.

IENNEs-SEE 1975

sHat,o, haw:. S 2

'IS 3

Hot_ ha POWF, 0
,J vHT

C
CoMPALT

I', R

15. U

915.00

wL H U
ELECTRIC CORP.

wESTINGHOuSE
ELECTRIC CORP.

Ft~L

WORTH MOLINA

r978

1979

:INAr01. idAirl' 4 C"d;.,LikA powEi„
G -0iPaHt 

Fivk 915.0a wESTINGHOuSE
ELECTRIC CORp.

NORTH CAROLTNA

sHLak0- oaR,1S 1 POwH7k 0
CoMPi!wy 

L hG ISLW

LI • H IN& COMPAy

F:41i 915.00

819.00

wESTINGHOGSE
ELECTRIC CORP.

GENLRAL ELECTRIC
COMPANY

NORTH CAROLINA

NEw YORK

1977

—1975—

bi. LGGIC 1 FL-R;nA POAER ANn
,IGHT coMFANI

PAR 845.00 COMBUSTION
ENGINEERING. INC.

FLORIDA 1975

LGLIE 2 FLcRIDA P0wER ACP PwR 890.00 COMBUSTION FLORIDA 1979
LIGHT ENGINEERING. INC.



, ,f. T t' 11 y ` TYIT CAPACITi, vY,E VENDuR

1
o r roi'r,' A

FLI.Cr.iC
Lr curt—, JY

710.00 ntSTINGNOUSE
ELECTRIC CnRP.

7 0.01) .LSTINGHPUSE
ELECTRIC CORP.

I t t

I
! AND

-w,PANY

PAGE 14

STAIE STARTUP YEAR

VIRGINIA

VIRGINIA

Inc'2.00 (2ENLRI'L ELECTRIC PENNSYLVANIA
COMPAtJY

' It5YLJAt
L I , i

(

,

L 1. 1, (.:,)10.1'A!

11.00 GENLRAL ELECTRIC PENIZYLvANT717
COmPANY

/110.0u UAbLOCK U WILCOX PENNSYLVANIA
COmPANY

,

i ' ' • 'II
IC cul,r,'

1 i L t1 '/‘ IsoACP *.
.L 7 L. )NI'P

. I' T

1:'

1072

1973

1077

1973

on7.0U LiAbc0-CK u wILCOX PENNSYLvANIA 1976
COmPANY

Ilir.o0 ;J_STINGHOUSE- OREGON 1-q714
ELEcTRIC CORR.

29.00 iNESTINGHOuSE
ELECTRIC CPRP.

f'
1 , 1 C1r,F)A

7-5.0u .LSTINGOMUSE
ELECTRIC CORR.

--77.?c131)I. 1 0EhtTRAC—nrCTRIC
!rTNORITY COMPANY

FLORIDA

FLORIDA

TENiarsstr-----

1972

1973



P,A-T IA.;E 

PAGE 15

NAW nEACiOR TYPE CAPACITy, mifiE VENDOR
••• ••••

STATE STARTUP YEAR
es

VALLY

,H11101ITY

1 !4 -1DSEE VALLEY
-iORITY

WaR

1200.1)0

fino.00

GLNLRAL ELECTRIC
ComPANY

GENLRAL ELECTRIC
COMPANY

TENNFSSEE

TENNEssEE

1981-

1981

4 T .,7_SSEE VALLEY
:HiNORITY

9wP 1200.00 Ga4ERAL ELECTRIC
COMPANY

-TENNEsSEE 1982-

rd.. /7 TN: ;sEE VA,L-Y

I, ,r-.DsEE
;HitiorziTY

PYR

PWP

1175.UU

1176.00

8AuLOCK u WILCOX
COMPANY 

8A0c0CK 0 WILCOX
ComPANY

TENNESSEE-

TENNEsSEE

19/r

-1978

VLI,611. CAhOLT,A
,1_! 7,Pi1C 0 k,AS 

COMPANY

Pv,R n15.00 6ESTINGHOuSr
 ELECTRIC coRp. 

SOUTH CAROLINA 1977

vt_rim)„1 YA't

j: „A 1

YANKEL
.OJ.LAR POUCit 

CoNP.

IA ELECyq1C
r)04Et.t C,1.

noR

PWR 900.(l0

GENERAL ELECTRIC
COMPANY 

BALICCiCK AND
WILCOX

VERmONT

VIRGINIA

1972

1980

AI.G1HIA ELLCykIC
PO:,:ER Cy. 

PIAt gno.ou dABtoCK AND
WILCOX  

VIRGINIA 1981

vOoTLL 1 t2. 0tIEAL1H
ETSLJI CO. 

1100.UU wESTINGHOUSE
ELECTRIC CORP.

ILLINOIS 19,8
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TIL11Y tiAM i,EACH - TYPE CAPACTTy.N4.. VENDOR STATE STARTUP YEAR

r 01,1 J

, • 'f'FN ;LAC' 11,111.0u oLSTINGHOOSE
LO. ELECTRIC CORP.

L U •1,1L;A
LU ,ki,Y

• r 4 L 07 Ati4
!UHT CUP, Y

ILLINOIS -1979

1155.00 COVBUSTION LOUISIANA 106
LNt7iiIEERING, INC.

11()E-1.0d C&BUSTION LOOICIANA
ENG114EERINGP INC.

I T Y

1
iH17,:11Y

t 17

1130-.70 v,LSTINGHOOSE TENNESSEE-
LLLCTRIC CORP.

113C.00 hLSTINGHOUSE TENNESSEE
ELLLTP1C CORP.

C T .
L, C ; iL CON•0 • .1

r10.00 OLi4LRAL ELECTP/C OHIO
COMPANY

1978

-19-76

1977

Ll . 1

z

, '
L. Ic id CON.PA• i

ii;N_EAL
CorPA 1

P

oL5TLUIGHOUSE
LLLO.PIC CORP.

In5n.flo .,ESTINGH(?uSE 1LLIN0Is
ELLCTRIC CORP.

iofg,L - - -
1-,). .15(' •

1977

1173-

1973

^ "  " - ...... - ........

15d. 158. 158.



APPENDIX 2.B

NUCLIDES AND RCG PERMISSIBLE CONCENTRATIONS

USED IN PREPARATION OF TABLES 2.8, 2.9

AND SUMMARY TABLES OF APPENDICES 2.0 THROUGH 2.G

(RCG is Radionuclide Concentration Guide
as definded in 10CFR20, Appendix B)





2.B.1 BNWL-1900

Waste Fraction Nuclide MPC4 (uCi/cm3) MPC (µCi/cm3)

Cladding 141-54
Fe-55

1.E-4
8.E-4

a
1.E-9
3.E-8

Cu-58 9.E-5 2.E-9
Cu-60 3.E-5 3.E-10
Ni-63 3.E-5 2.E-9
Ni-59 2.E-4 2.E-8
Zr-93 8.E-4 4.E-9
Zr-95 6.E-5 1.E-9
Nb-95 1.E-4 3.E-9

Fission Prod. Se-79 4.E-3 4.E-9
Kr-85 1.E+20 3.E-7
Sr-89 3.E-6 3.E-10
Sr-90,Y-90 3.E-7 3.E-11
Zr-93 8.E-4 4.E-9
Zr-95 6.E-5 1.E-9
Nb-95 1.E-4 3.E-9
Tc-99 2.E-4 2.E-9
Ru-103,Rh-103M 8.E-5 3.E-9
Ru-106,Rh-106 1.E-5 2.E-10
Pd-107 1.E-3 2.E-7
Sb-125,Te-125M 1.E-4 9.E-10
Sn-126 4.E-4 2.E-9
1-129 6.E-8 2.E-11
Cs-134 9.E-6 4.E-10
Cs-135 1.E-4 3.E-9
Cs-137,Ba-137M 2.E-5 5.E-10
Ce-144,Pr-144 1.E-5 2.E-10
Pm-147 2.E-4 2.E-9
Sm-151 4.E-4 2.E-9
Eu-152 8.E-5 4.E-10
Eu-154 2.E-5 1.E-10
Eu-155 2.E-4 3.E-9
Ho-166M 5.E-2 2.E-9

U + Th Fuel Waste Th-228 Chain 7.E-6 2.E-13
Th-232 Chain 2.89855E-8 1.42857E-13
U-232 3.E-5 9.E-13
U-233 Chain 3.E-8 1.99005E-14
U-234 Chain 2.30061E-8 7.40741E-14
U-235 Chain 6.09756E-7 2.64901E-14
U-236 3.E-5 4.E-12
U-238 4.E-4 3.E-12

Pu Fuel Waste U-234 Chain* 2.30064E-8 7.40741E-14
U-235 Chain* 6.09756E-7 2.64901E-14
U-236* 3.E-5 4.E-12
Pu-238 5.E-6 7.E-14
Pu-239 5.E-6 6.E-14
Pu-240 5.E-6 6.E-14
Pu-241 2.E-4 3.E-12
Am-241 4.E-6 2.E-13
Pu-242 5.E-6 6.E-14

Trans Pu U-233 Chain* 3.E-8 1.99005E-14
U-234 Chain* 2.30061E-8 7.40741E-14
U-235 Chain* 6.09756E-7 2.64901E-14
U-236* 3.E-5 4.E-12
Np-237 3.E-6 1.E-13
Pu-238* 5.E-6 7.E-14
Pu-239* 5.E-6 6.E-14
Pu-240* 5.E-6 6.E-14
Am-241 4.E-6 2.E-13
Am-243 4.E-6 2.E-13
Cm 242 2.E-5 4.E-12
Cm-243 5.E-6 2.E-13
Cm-244 7.E-6 3.E-13
Am-242M 4.E-6 2.E-13
Cm-245 4.E-6 2.E-13
Cm-246 4.E-6 2.E-13
Cm-247 4.E-6 2.E-13
Cm-248 4.E-6 2.E-14

*Grows in after reprocessing
Decay chains are assumed to be in equilibrium with the parent
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APPENDIX 2.0

LWR-U PLANT WASTE

(Power 30 MW/MT, Exposure 33,000 MWD/MT,
Spent Fuel Reprocessed 150 Days After Discharge

with 0.5% Fuel Loss to Waste)





2.C.1 BNWL-1900

LWR-U PLANT WASTE

Summary Tables



THERMAL PoWER

WATTS PER mETR1C ToN OF FUEL

"rtteF.YEARS 0 1 to 100 500 1000 1.00E+04 1.00E+05 .00E+06 1.00E+07 1.00E+0R 1.00E+09
AFTER YR 2000

CLADDI NG 1.07E+02 1.39 E+01 3.58E+00 2.23E-04 2.26E-05 1.37E-05 1,35E-05 1.29E-05 8.55E-06 1.36E-07 1.37E-25 .00E+00

STRONTIUM 9.05E+02 5.43E+02 4.33E+02 4.70E+01 2.45E-03 1.08E-08 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00
CESIUM 2.R3E+03 2.17E+03 5.27E+02 5.63E+01 5.64E-03 1.39E-04 1.39E-04 1 .36E-04 1.10E-04 1.313E-05 1.31E-14 .00E+00
SR+CS 3.74E+03 2.71 F+03 9.60E+02 1.03E+02 R.09E-03 1,39E-04 1.39E-04 1.36E-04 1.10E-04 1 .3RE-05 1.31E-1 4 .00E+00
FP-sR-cs 1.54E+04 5.12E+03 5.91E+01 1.68E+00 4.R0E-02 1.13E-0? 1.03E-02 7.57E-03 5,57E-04 2.20E-09 4.1?E-07 5.17E-23
10485+1129 1 .R0 E+01 1.68E+01 9.46E+00 2.9RE-02 ?.40E-05 2.40E-05 2.40E-05 2.39E-05 201 E-05 1.60E-05 4.11E-07 5.17E-23
FT ssI to( pRoD. 1.91E+04 7.83E+03 1.02E+03 1.05E402 9.61E-02 1.15E-02 1.04E-0? 7.71E-03 6.67E-04 3,58F-05 4.12E-07 5.17E-23

Uf TH WASTE 9.130E-04 9 .R0 F-04 .R0E-04 9.79E-04 9.78E-04 9.77E-04 9.65E-04 R.53E-04 4.94E-04 4,54E-04 4.19E-04 3.56F-04
PU FUEL WASTF 1.?FtE+00 1.30E+00 1.45E+00 1 .50F.+00 1.03E+00 R.38E-01 3.05E-01 6.23E-03 ?.R2E-03 1.43E-03 1.11E-04 4.41E-06
TRA NS PU 7.99E+02 ?„43E+02 6.91F+01 S.63E+00 3.21F+00 1.87E+00 4.68E-01 5.48E-02 ?.60E-02 1.44E-03 3.99E-05 1.92E-05

ToTAL WASTF 2.00E+04 R.09 E4-03 I .09F+03 1.15E+0? A.30E+00 2.72E+00 7.R5E-01 6.96E-0? 2.99E-02 3.36E-03 5.70E.-04 3.75E-04

RA DI OAC TI VI TY

CURIES PER mETRIC ToN oF FUEL
(PARENTS AND DAU(9HTERS IN CHAINS ARF INCLUDED IN TOTALS)

TT mE.YEARs 100 500 1000 1.00E+04 1.00E+05 1.00E+06 .00E+07 1.00E+0R 1.00E+09
AFTER YR 2000

CLADDING 1.9sE+04 1 a 4E+03 2.37E+02 1 afIE+00 1 .R6E-01 1,30E-01 1 .?7E-01 1.15E-01 7,17E-02 1.14E-03 1.15E-21 .00R+00

sTRoNTI Um ?.5I E+05 1.51 E+05 1.20E+05 1 .31 E-1-04 6.79E-01 3.00E-06 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00
CESIUM 4.27E+05 3.61E+05 1.77E+05 2.1?E+04 2.36E+00 2.s6E-01 ?.R5E-01 ?.80E-01 2.27E-01 2.R4E-02 2.70E-11 .00E+00
sR+ Cs 6.79E+05 5.12E+05 2.97E+05 3.43E+04 3.04E+00 2,e6E-01 ?OISE-01 2..80E-01 2.27E-01 2.84E-02 2.70E-11 .00E+00
FP-SR-CS 3.47E+06 1.17E+06 2.02E+04 6.39E+02 3.87E+01 1.76E+01 1.68E+01 1.27E+01 1.86E+00 8.42E-02 6.31E-04 7.86F-20
KR85+1129 1.10E+04 1.04E+04 5.82E+03 I .R4E+OI 3.65E-02 3.65E-02 3.65E-02 3.64E-02 3.51E-02 2.43E-02 6.25E-04 7.86E-20
EISSI op( pRoD. 4.15E+06 1.6RE+06 3.17E +05 3.49E+04 4.17E+01 1.79E+01 1.70E+01 1.30E+01 2.09E+00 1.13E-01 6.31E-04 7.86E-20

IR TH WASTE 6.02E-02 6.03E-02 6.05E-02 6.02E-02 6.00E-02 6,00E-0p 5.92F-02 9.25E-02 3.11E-02 2.8RE-02 2.74E-0? 2.33E-02
PU FUEL WASTE 5.?8E+02 5.06E+02 3.48E+02 4.51E+01 2.02E+01 1.10E+01 2.13E+00 1.72E-01 4.64E-02 3.38E-03 6.81E-04 ?.6RE-04
TRA NS NI ?.?0E+04 6.89E+03 2.14E+03 30(7E+02 1.65E+02 P.69E+01 1.52E+01 3.07E+00 1.70E+O0 9.33E-0? 2.33E-03 9.26E-04

ToTAL WASTE 4.19E+06 t .69E+06 3.20E+05 3.54E+04 2.27E+02 1.16E+02 3.46E+01 1.64E+01 3.93E+00 ?.39E-01 3.10E-02 2.45E-02

0
0
6
1
 -
 1
M
N
S
 



INGESTIoN TOXICITY

THE INGESTION TOXICITY INDEX IS THE RASE 10 LoCARITHM OF THE
CUBIC METERS OF WATER PER ToN OF FUF.L TO DILUTE To RCG

TIME,YEARS 0 1 10 100 500 1000 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09
AFTER YR 2000

CLAnnIms 8.42 7.48 6.89 4.59 3.39 2.74 2.73 2.68 2.47 .67

STRONTI UM 11.46 11.40 11.30 10.34 605 .70 *****
CESIUM 10.46 10.35 9.70 8.72 4.74 3.46 3.46 3.45 3.36 2.45 -6.57
SR+CS 11.50 11.44 11.31 10.35 6.07 3.46 3.46 3.45 3.36 2.45 -6.57
FP-SR-CS 11.11 10.73 8.50 6.81 5.87 5.84 5.84 5.82 5.77 5.61 4.02 *****
KR85+I129 5.78 5.78 5.78 5.78 5.78 5.7R 5.78 5.78 5.77 5.61 4.02
FISSION PRoD, 11.65 11.51 11.31 10.35 6.29 5.84 5.84 5.83 5,77 5.61 4.02

Ur TH FUEL WASTE 5.22 5.22 5.22 5.22 5.22 5.22 5.21 5.15 4.87 4.84 4.83 4.77
PU FUEL WASTE 6.79 6.79 6.82 6.78 6.48 6.27 5.80 5.28 4.31 2.74 2.19 1.81
TRANS PU 9.13 8.78 8.49 7.75 7.40 7.17 6.67 6.21 5.58 4.20 2.73 2.35

TOTAL WASTE 11.65 11.51 11.31 10.35 7.48 7.25 6.79 6.42 6.03 5.69 4.90 4.77

  ToXICITY INDEX IS LESS THAN -10
RCG IS RADIoNUCL/DE CoNCENTRATION GUIDE BASED UPoN 10 CFR 20

INHALATION TOXICITY

THE INHALATIoN ToXICITY INDEX IS THE BASE 10 LoGARITHM OF THE
CURIC METERS OF AIR To DILUTE To RCG PER METRIC TON OF FUEL

TIME,YEARS 0 1 10 100 500 1000 1.00E+04 1.00E+05 1,00E+06 1.00E+07 1.00E+08 1.00E+09
AFTER YR 2000

CLP DDI NG 3.13 2.44 11.88 8.81 7.95 7.79 7.79 7.77 7.59 5.79 *****

STRoNTIUm 5.46 5.40 15.30 14.34 10.05 4.70
CESI UM 4.87 4.77 14.27 13.33 9.34 7.98 7.98 7.97 7.P8 6.98 -2.05
SR+CS 5.56 5.49 15.3A 14.38 10.13 7.98 7.98 7.97 7,88 6.98 -2.05
FP-SR-CS 5.81 5.44 13.71 12.07 10.32 10.02 10.00 9.91 9.43 9.09 7.50 -8.41
KR85+I129 0.59 0.56 10.33 9.28 9.26 9.26 9.26 9.26 9.24 9.09 7.50 -8.41
FissIoN PRoD. 6.01 5.77 15.35 14.38 10.54 10.03 10.01 9.91 9.44 9.09 7.50 -8.41

UrTH FUEL WASTE 10.74 10.74 10.74 10.74 10.74 10.74 10.73 10.68 10.43 10.40 10.39 IC.30
Pu FUEL WASTE 14.64 14.54 14.59 14.37 14.03 13.90 13.54 12.24 10.88 9.69 9.27 8.89
TRANS PU 16.15 16.04 15.90 15.23 14.76 14.55 14.13 13.27 12.90 11.63 9.81 9.43

TOTAL WASTE 16.39 16.24 16.02 15.33 14.24 14.64 14.23 13.31 12.90 11.66 10.51 10.37

AA.* ToXICITY INDEX IS LESS THAN -10
RCG IS RADIONUCLIDE CONCENTRATIoN GUIDE BASED UPoN 10 CFR 20
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2.C.4 BNWL-1900

LWR-PLANT WASTE FROM URANIUM FUELS

Actinides



REFERLCE PwR 3.3 PLRCEt1T ORIOLO U I'kYFEt'TIL5 AFTLK 5EPARATIUN

pOwEH = 30.00 M%, 80kNUP = 33000.M4O, FLUX=1 2.92+13N/CP.402-5EC

NUCLIDE CUNCENTRATION5. 0RAM5

6A5IS = MT UF U CHARGO) TO REACTOR

CMARGL 5EPARATI0N 1 .C+1,0 YR 1.0+01 YR 1.0+02 YR 1.0+03 Yk 1.0+04 YR 1.0+1..8 YR 1.0+06 YR 1.0+137 YR 1.0+06 YR 1.o+o9 YR

HE 4 0.00 3.53-01 4.50-01 6.34-01 1.15+00 I.95+0u 3.54+00 6.90+00 2.16+01 6.91+01 8.29+01 1.75+02

TL206 0.0U 2.71-12 1.94-12 1.73-13 4.96-14 8.71-18 1.50-18 2.34-17 2.40-16 2.12-15 7.92-15 6.0z-15

P6207 U.00 4.71-Iu 1.11-09 1.90-08 7.11-07 9.85-06 1.26-04 5.60-U3 1.36-01 1.45+00 1.39+01 9.35+01

P8206 U.OU 7.67-07 1.53-06 3.39-06 6.76-06 7.44-06 7.44-06 7.81-06 4.66-05 3.63-03 1.85-01 2.60+00

p8210 0.00 1.03-11 ;,961 2.3b-10 9•2709 6.90-07 3.59-05 2.81-04 6.90-05 1.93-05 1.91_05 1.66-05

PB212 0000 I.67-0v 1.12-09 1.00-10 5.06-15 8.69-16 1.36-14 1.39-13 1.23-12 4.60-12 4.66-12

61209 U.,00 7.54..11 8.95-11 2.27-10 1009..08 9.39-00 6.03-03 2.52+0(, 1.03+02 4.61+02 4.71+02 4.71+02

61212 o.uo loSU.-10 1.07-10 9.56-12 2.74..12 4.62-16 6.28-17 1.30-15 1.33-14 1.17-13 4.38..13 4.44-13

RN220 n.uu 2.40..12 1.71-12 1.53-13 4.39-14 7.71-18 1.32.1E 2.07-17 2.12-16 1.87-15 7•01-15 7.10-15

RA223 u.00 2.32..11 3.93-11 1.50-16 4.63..1U 5.06-10 7.59_10 5.16-09 7.10-09 7.03-09 6.44-U9 2.68-09

RA224 (3.0o 1.37-.08 9.79-09 8.73-10 2.51..10 4.41-14 7.57-15 1.18-13 1.21-12 1.07.11 4.01-11 4.06-11

RA226 o.ou 1.99-08 2.61-08 1.10-02 1.13..06 2.3U-05 2.94-03 2.31-02 5.65-03 1.59-03 1.56-03 1.36.03

AC227 o.ou 1.75-08 2.72-06 1.06-02 3.26.-07 3.66-07 6.35-u7 3.64-06 5.00-06 4.96-06 4.54-06

Th227 o.jo 3.82-LI 6.30.-11 2.40-10 7.42-10 8.10-10 1.22-09 8.27-09 1.14-08 1.13-06 1.03-06 4.29..09

TH228 o.ou 2.71-06 1.90-06 1.70-07 4.89..08 6.59-12 1.48-12 2.31-11 2.36-10 2.09-09 2.82-09 7.92..09

TH229 1.63_07 1.64-07 1.97-07 3.42-06 3.24-04 2.69-oz 6.02-01 1.35+00 6.66-oz 1.64-14 0.00

TH230 0.60 1.05-03 1.05-03 1.76-03 1.99-02 1.92-ol 1.17+00 2.66-01 6.0-oz 7.96-02 6.93-,02

TH231 0.00 3.23-08 1.61-10 1.61-1U 1.62-10 1.65-:0 2.19-10 6.52-10 6.68-10 6.82-10 6.24-10 2•59..10

TH232 U.00 2.87-04 2.87-04 2.93..04 3.52-04 9.9G-04 1.11-02 1.74-01 1.78+00 1.57+01 5.87+01 808+01

TH234 0.00 1.36-05 6.82-08 6.76-08 6.78-08 6.78-08 6.76-06 6.78-08 6.77-08 6.68-08 5.82..08

PA23I 0.60 S.16-04 5.16-04 5018..04 5.20-04 5.45-04 8.19-04 5.57-03 7.65-03 7.59-03 6.95-03 2.89..03

PA233 0.00 1.66-05 1.66-05 1.66..0b 1.69-05 1.79-0s 1.83-05 1.76-05 1.33-05 7.20-07 1.58-19 0.00

PA234M 0.00 4.57-10 2,3b-12 2.2912 2.29-12 2.29-12 2.29-12 2.29-12 2.29-12 2.26-12 2.25-12 1.96-12

0232 0.0U 1.72-06 2.34-06 4.08-06 1.83_06 3.16-10 0.00 0.00 0.00 0.00 0.00 0.00

U233 0•Lil 2.43-05 1.94-04 1.58-03 1.55-02 1.61-01 1.65+00 1.35+01 3.04+01 1.55+00 3.70-13 0.00

U234 2.64+02 6.10-01 6.38-01 1.07+0U 4.13+00 7.37+00 7.20+00 5.65+00 6.86-01 2.54-01 2.50-01 2.18-01

0235 3.30+04 3.99+01 3.99+01 3.99+01 4.00+01 4.07+01 5.41+01 1.61+02 1.70+02 1.69+02 1.54+02 4.42+01

0236 i.u0 2.27+01 2.22+01 2.27+01 2.31+01 2.66+01 4.86+01 6.32+01 6.16+01 4.75+01 3.49+00 1.62-11

U237 0.00 1.66-07 1.46-07 9.70-06 1.52-09 7.85-11 4.02-11 4.99-14 0.00 0.00 0.00 0.00

0238 9.67+05 4.71+03 4.71+03 4.71+03 4.71+03 4.71+03 4.71+03 4.71+03 4.72+03 4.71+03 4.64+03 4.04+03

NP237 0.00 4.82+02 4.82+02 4.83+02 4.89+02 5.21+02 5.30+02 5.15+02 3.85+02 2.09+01 4.60..12 0.00

NP239 0.00 7.5-05 7.55-0s 7.54-05 7.48_05 6.89_0s 3.05-05 8.78-09 1.13-12 7.79-13 1.86-14 1.12-30

PU236 3000 2.99-06 2.34-06 2.63-07 8.23-17 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PU238 11•UU a.41-01 5.32+u0 6.11+00 3.11+00 4.86-03 7.49-21 0.00 0.00 0.00 0.00 0.00

PU239 o.uo 2.63+01 2,63+01
2.64+0; 2.72+01 3.34+01 6.55+01 9.17+00 4.29-06 2.96-06 7.06-o8 4.27-24

PU240 o.uo 1.08+01 1.19+01 2.05+01 4.04+01 3.74+01 1.49+01 1.46-03 0.00 0.00 0.00 o.on

PU241 u.ou 5.0+00 4.61+00 3.16+00 4.94-02 2.56-03 1.31-03 1.62-06 1.41-35 0.00 0.00 0.00

PU242 0.uo 1.76+00 1.76+00 1.76+00 1.79+00 1.86+00 1.96+00 1.71+00 3.30-01 2.36-08 0.0U 0.00

Am24I O.00 4.41+01 4.43+01 4.53+01 4.20+01 1.00+01 3.83-02 4.75-05 0.00 0.00 0.00 o.00

AM242M u.uu 4.14-01 4.12-01 3.96..01 2.62-01 4.34-03 6.56-21 0.00 0.00 0.00 0.00 o.uo



REFERENCE P'ivR 3.3 PEKCE0T EivIi1CHLL U PRuPER1IES AFfER SERARAr/O N

POER ' 30.00 w.w, blifiNUP = 33000.mp, FLUX' 2.92+13N/0,1...2-SEC

NUCLIDE CONCEI,TPATI0Ns, Gi?Ams
BASIS = MT OF U CHARL,E0 T3 REACTOR

CHAP6E SEPARAT I Om 14,!1+00 YR .0+01 YH 1.11+02 YR 1.0+63 YR 1.i!+0 YR 1.0+1 S YP 1.0+06 YR 1.0.0. J7 YR 1.0406 YP 1.0+09 YR
Am242 U.OU 4.97-u6 4.95.-U6 4.75-06 3.15-06 S.21-uP1 7.68-26 13.00 0.00 0.4_10 0.00 0.00
AM243 9.12+01 9.12+01 9.12+01 9.0'4+01 8.33+01 3.69+fil 1.'AG-02 1.37_06 9.42_;7 2.25-04 1.36_24
CM2g2 U.dU S.u2+0L .23+:1rj 9.54-04 6.32-04 1.01,-05 1.58-23 0.ud o.00 0.00 J.00 0.00
cm243 0.00 1.1Y-01 1.16..11 9.56-02 1.36-02 4.67_11 0.00 O.Uti 0.0U 0.00 J.00 0.00
Cm244 71.1111 3.11+01 3.00+31 2.12+131 6.77-01 2.J3-16 G.OU U.uu 0.00 0.00 0.00 U.00
Cm2M5 JeOU 1.76+00 1.76+jn 1.76+0o 1.7S+00 1.63+L9 37-U1 1.b4-03 E.96-33 O.U0 0.00 0.00
Cm246 ;1.01.) 2.24-U1 2.24-fl!1 2.23-01 2.21-01 1.97-01 6.32-02 7.20-07 0.00 0.00 0.00 0.00
04247 u.OU 3.1 7-U3 3.1 7-_;3 3.1 7-03 3.1/-03 3.17-03 J.16_J3 3.15-U3 3.04-03 2.09-03 4.99-a5 3.01-21
SUBTOT 1.0U+06 5.46+03 5.4H+13 5.01+03 5.48+03 5.4b+0.4 5.43+03 5.50+03 .49+03 5.49+03 5.43+03 4.91+03
TOTAL 14,1J04.U6 5.48+03 S.4b+03 S.4.+03 5.48+03 5.41,4.03 5.50+u3 5.50+03 5.50+03 S.50+03 5.50+03



RkIfk8ENCE 1.04R 3..3 13 (1CIr PIRI0EP U PROPERTIES AF1ER SEPARATION

POAEk 3U.Ou ha* BURNUN m 33000.MWD, FLUXs 2.92+13N/C0.0.025EC

CHARGE SEPARATION 1.0+00 YR

NuCLIOL RAUIOACTIVITY,

HASIS a MT OF U CHARiJED TO REACTOR

1.0+01 .0( 1.0.02 YR 1.0+03 YR 1.,J+04 YR 1.0+05 YR 1.0+06 YR 1.0+07 YR 1.0'05 YR 1.0+09 YR

TL2U7 0600 1.19-U6 2.01-06 7•6806 2.37-05 2.59-05 .1.89-05 2.64-09 3.64-04 3.60-04 3.30-04 1.32-04

TL208 0.00 7.91-04 5.65-04 5•0405 I•4505 2.54-09 4.37-10 6.83-09 6.99-08 6.17-07 2.31-06 2.34-06

TL209 0.1W 7.68-10 7.71-10 9•2910 1.61-0d 1.53-L6 1.22-J9 2.83-03 6.34-03 3.24-Dy 7.74_17 0.00

p8209 joU0 3.49_08 1.50-08 4.2208 7.31..07 6,94-US 5.54-03 1.29-U1 2.86-01 1.97-02 3.52_15 0.00

p8210 0.0U 8,37-10 1.59-09 1.93-08 7.52..07 7.22-05 2.91-03 2.28-02 5.59-01 1.57-01 I.55-U3 1.35-03

P8211 5*00 I.19-U6 2.02.06 7.70-J6 2638.415 2.6G-05 3.90-US 2.65-U4 J.65-04 3.61-04 3.31-0 1.38-09

p8212 0.0U 2.2u-u3 1.57-03 (.40-09 4.02-05 7.06-09 1.21-09 1.90-08 1.94.07 1.71-06 6.42-06 6.50-06

p8214 0.00 1.96-08 2.85-U8 1.09-07 1.11-06 7.22-US 2.91-U3 2.28-02 5.59-03 1.57-03 1.55-03 1.35-03

81210 00UU 6.25-16 1.59-09 1.93-08 7.52-07 7.22.U5 2.91-03 2.28-02 S.59-03 1.57-03 1.5S-03 1.35-03

81211 D.00 1.19-06 2.02-06 7.70-06 2.38-05 2.60-05 3.90-05 2.65-04 3.65-04 3.61-U4 3.31-04 1.38-09

B1212 0.,1 2920-03 1,57-03 1.40-04 4.02-05 7.06-09 1.21-09 1.90-U0 1.94-07 1.71-06 6.42-06 6.50-06

81213 0600 1.49-08 3.50-08 4.22-08 7.31-07 6.94-b5 5.54-J3 1.29-01 2.88-01 1.47-02 3.52-15 0.00

81214 0.00 1.96-08 2.dS-j8 1.09-07 1.11-06 7.22-U5 2.91-03 2.28-02 S.59-03 1.57-03 1.55-03 1.35-03

P0210 0.00 5.63-10 1.17-09 1.93-08 7.52-07 7.22-ub 2.91-03 2.28-02 s.59-03 1.57-03 1.55-U3 1.35-03

P0211 O.U0 3.58-09 6.06-09 2.31-08 7.14-08 7.79..06 1.17-07 7.96-U7 1.09-06 1.08-06 9.93.07 4.13-07

;20212 0.00 1.41-U3 1.00-03 3.96-j5 2.57-05 4.52-09 7.26-10 1.21-0g 1.24-07 1.10-06 4.11-06 4.16-U6

PO213 U.U0 3.41-08 1.43-08 4.13-06 7.15-u7 6.79-ub 5.42-03 1.26-01 2.82-01 1.44-02 3.44-15 0.00

P0214 0.1.10 1.96-U8 2.65-08 1.09-07 1.11-06 7.22-Ub 2.91-U3 2.28-02 S.59-03 1.57-U3 1.55-03 1.35-03

P0215 0.U0 1.19-06 2.02-06 7.70-06 2.38-605 2.6G-05 a.90-u5 2.65-04 3.65-04 3.61-04 3.31-04 1.38-09

P0216 0.0U 2.20-03 1.57-03 1.40-04 4.02-05 7.06..09 1.21-09 1.90-US 1.94-07 1.71-06 6.42.u6 6.5n-06

P0218 UsuU 1.96-0H 2.85-08 1.09-07 1.11-06 7.22-05 2.91-03 2.2d-02 5.59-03 1.57-03 1.55_133 1.35-03

AT217 0.00 3.49..U8 3.50-08 4.22-08 7.31-07 6.94-DŠ 5.54-03 1.29-01 2.88-01 1.47-02 3.52-15 0.00

RN219 0.00 1.1906 2.02-06 7.70-06 2.38-05 2.60-U5 3.9U-U5 2.65-04 3.65-04 1.61-04 3.31-04 1.38-04

RN220 0.00U 2.20..03 1.57-n3 1.40-a4 4.02-05 7.06-09 1.21-J9 1.90-05 1.94-07 1.71-06 6.42-06 6.50-06

RN222 U.00 1.96-08 2.85-06 1.09-07 1.11-06 7.22-05 2.91-03 2.2d-02 5.59-03 1.57-03 1.55-03 1.35-03

FR221 0.00 3.49-06 1.5U-08 4.22-U8 7.31-07 6.94-05 5.54-03 1.29-01 2.88-01 1.47-02 3.52-15 0.00

FR223 0.00 I.79-dg 2.82-08 1.03-07 3.33-07 3.64-07 5.46-07 3.71-U6 5.10-06 5.06-06 4.63-u6 1.93-06

RA223 0600 I.1906 2.(J2-06 7.7o-06 2.3d-05 2.60-05 1.90-U5 2.65-04 3.65-041 3.61-04 3.31_04 1.38-04

RA224 1-3.00 2.20..03 1.57-03 1.40-1)4 4.02-05 7.06-09 1.21-09 1.90-06 1.94..07 1.11-06 6.42-06 6.50-06

RA225 0*U0 3.48-08 3.50-08 4.22-013 7.31-07 6.94-us S.54-03 1.29-UI 2.88-01 1.47-02 3.52-15 0.00

RA226 0.06 1.97-08 2.85-0d I.u9-07 1.11-06 7.22-u5 2.91-03 2.28-02 S.59-03 1.57-03 1.55-03 1.15-03

AC225 0.00 3.49-ud 3.50-08 4.22-08 7.31-07 6.94-uS S.54-03 1.29-01 2.88-01 1.47-02 3.52-15 0.00

AC227 0.0U 1.28-06 2.02-06 7.70-06 2.38-05 2.60-US 3.90-0S 2.65-04 3.65-04 3.61-04 3.31-04 1.38-04

TH227 0.00 1.21-06 1.99-06 7.59-06 2.35-05 2.56-Ds 3.85-us 2.62-04 3.60-04 3.56-04 3.26-04 1.36-04

TH228 0.00 2.22-03 1.56-03 1.40-04 4.02-05 7.06-u9 1.21-UY 1.90-08 1.94-07 1.71-06 6.42-06 6.50-06

TH229 0.00 3.49-08 3.50-08 4.22-08 7.31-07 6.94-US 5.54-03 1.29-01 2.88.01 1.47-D2 3.52-15 0.00

TH230 0.00 2.04-05 2.05-05 2.0-05 3.42-05 3.86-04 3.74-03 2.28-02 5.59-03 1.57-03 1.55..03 1.35-03

TH231 0.00 1.71-02 8.55-05 8.55-05 8.57-05 8.73-05 1.16-04 3.46.04 3.65-09 3.6I-U4 1.31-04 1.18-04

TH232 0.00 3.14-11 3.14-11 3.21-11 3.85-11 1.08-10 1.21-09 1.90-08 1.94-07 1.71-06 6.42-06 6.50-U6

TH234 0.00 3.14-01 1.5(3_03 1.57-03 1.51-03 1.57-03 1.57-D3 1.57.03 1.52.03 1.57-03 1.55-03 1.35-03



REFEicENCE PON 3•3 RERCENT E.4R1COLO 0 PROPEÜTIE5 AFTER SLPAkATIOT

PO6ER = J0.0c ii0RN0F = 33000.qap, FLUX= 2.92+130/C04.4.1-SEC

NUCLIDE RADIOACTIVITY, CURIES

CHAF!(, -L SEPARATIJM 1.9+00 YR

JAS15 = MT OF

1.0+1.1 YR 1.0+02 YR

U CHARUE0

1.0+J3 YR

Tj REACTUk

1.0+04 YR 1.0+05 YF: 1.0+06 YR 1.0+07 Yk 1.0+06 YR 1.0+09 YR

PA23I 0.00 2.47_05
1.47-j5 2.4/-95 2.46-05 2.6P-05 3.90,05 2.65-04 3.65-04 3.61-U9 3.31-04 1.38-04

PA233 0.00 3.4,j-01 3.40-01 3.41-01 3.45-01 3.67-0/ 3.74-J1 3.6j-U1 2.72-01 1.97-02 3.24-15 0.U0

PA234m u.uu 3.14-01 1.58-03 1.57-03
1.57-03 1.57-03 1.57_03 1.57-03 1.57-03 1.57-03 I.55-U3 1.35-03

PA234

11232

9.00

0.00

3.14-04
3.69_05

1.5d-06

5.01-05

1.s7-n6

4.73-05

1.b 7-06

3.91-05

1.57-06

6.72-u9

1.52-0/,

0.00

1.57-06

0.G0

1.57-06

0.00

1.57-06

0.00

I.55-U6

0.0U

1.35-06

0.00

U233

u234

0.116

1.64+00

2.31-u7

3.22-03

1.h4-06,

3.9=',-03

1.49-95
6.64-03

1.47-04

2.56-02

1.52_03

4.56-01

1.56-07

4.45-J2

1.26-01

3.50-J2

2.84-01

4.24-03

1.97-02

1.57-03

3.51-15

1.55-03

0.00
1.35-03

U235 7.u7-02 11.5,S-05 0.543-05 4.55-0S r1.57-0S M.73-05 1.16-04 3.40-04 J.65_04 3.61-04 3.3I-U4 1.38-04
D236 0.,!0 1.44-03 1.44_03 1.44-03 1.46-03 1.69-03 3.09-03 4.01-03 3.91-03 3.U1-03 2.2I-U4 1.03-15
U237 0.J0 1.35_02 1.21-02 7.92-03 1.24-04 6.41-06 3.26.06 4.T7-09 0.00 0.00 0.00 0.00

023 J.12-01 I.S7-U3 1.5/-03 1.57-03 1.57-03 1.57-1,3 1.57-03 1.57-03 1.57_03 1.57-03 1.55-03 1.35-03

NP237 U.Uu 3.40-01 3.90-01 3.41-01 3.45-01 3.67-U1 3.74-01 3.63-01 2.72-01 1.47-02 3.24-15 U.00

NF239 d.00 1.26+01 1.76+01 1.75+91 1.74+91 1.6n+U1 7.10+00 2.04-03 2.63.07 1.61-07 4.33-09 2•61-25

PU236 0.00 1.59-03 1.27-03 1.40-04 4.30-14 0.00 0.00 0.0U 0.0U 0.00 0.00 0.00
F20238 1.42+01 8.99+01 1.03+0 5.25+91 8.21-02 1.27-19 0.L,U 0.00 0.00 0.0U 0.00
PU239 u • u0 1.62+00 1.62+m, 1./.2+Ou 1.67+00 2.65+LJ 4.02+On 5.62-01 2.63-02 1.61-07 4.33-09 2.62-25

PU240 0.00 2.37+00 1.63+00 4.52+00 +1.90+00 8.25+0d 3.73+1T 3.23-U4 0.110 0.0u U.OU 0.00
PU241 u.00 5.u5+02 4.1.2+02 3.16+02 4.95+00 2.56-01 1.31-01 1.63-04 U.00 0.00 U.00 0.00
PU242 J.:JO 6.T16-JJ +10-03 6.m7-03 6.97_03 7.23_03 7.63-03 6.0e-03 1.29-03 9.19-11 U.On U.U0
P0243 0.J0 1.37-09 2.75-07 2.75-07 2.75-07 2./5_u7 1.74-07 2.7J-U7 2.63-07 1.di-u7 4.33_09 2.61-25
Am241 0.00 1.51+02 1.51+02 1.55+02 1.44+02 3.43+01 1.31-01 1.03-04 0.00 0.00 U.00 U.UU
Am242 4.13+Ou 4.P 1 +J0 3.45+Ou 2.55+00 4.22-j2 6.34-0 0.D0 0.00 0.00 0.00 0.00
AM242 0.00 4..03+00 4.01+00 3.85+00 1.55+90 4.22-02 6.38-20 C.Ou 0.0U 0.11U 0.00 U.00
AM143 d.00 1.76+01 1.76+,11 1.75+01 1.74+01 1.60+U1 7.10+0c 2.04-03 2.63-07 1.61-07 4.33-U9 2.61-25

CM2412 0.0 1.5_5+04 4.06+03 3.16+00 2.09+00 3.46-02 5.24-2p 0.00 L.00 0.u0 0.00 0.00
cM243 5.46+03 5.34+00 4.40+00 6.26-01 2.15-09 u.00 0.0L 0.00 0.00 U.00 0.1.10
CM244 2.52+03 2.43+03 1.72+03 5.48+01 5.94-14 0.0U 0.00 0.00 0.u0 0.00 0.09
CM245 2.76-91 2.76-01 2.76-01 2.74-01 2.5t-01 1.31-01 1.63-04 0.00 0.00 U.OU 0.00

Cm246 ,J.OU 5.93-02 5.93-02 5.93-02 5.86-02 5.23-U2 1.68-u2 1.91-07 0.00 U.uU U.00 U.00
cm247 1.0U 2.25-07

7.75-137 2.75-07 2.75-u7 2.74-D7 2.73-u/ 1.63-07 1.01-07 4.33-0 2.61-25

500TOT 2.ti3+DO 2.25+04 7.26+1_13 2.35+.03 3.10+02 7.67+01 2.26+01 2.73+00 3.21+00 1.91-U1 2.56-02 2.04-02

TOTAL 2.03+00 2.25+04 7.26+03 2.35+03 3.10+02 7.6i+Ul 2.26+01 2.73+00 3.21+00 1.91-U1 2.56-02 2.04-02



RFEHCE FYIR 3•3 PCTP4ti1COP pROpERT!E5 AFTER 5EpAkATION

PONEK 30,00 Mh o 8URNUp = 330UO.H1100. FLUX= 2.92+13N/C814.2-SEC

muCLIDE THERMAL PoALR 1 4ATT6

CHARGE SEPARATIOW 1.0+00 YR

BASIS = MT oF

I .0+01 YR 1.0+02 YR

U CHARGED

1.0+113 Yk

TO REACTOR

1.0+04 YR 1.0+05 YR 1.o...06 YR 1.0+07 YR 1.0+08 YR 1.04'09 YR

TL 207 u.uu 3.59-09 6.09-Ud 2.32-08 7.1/-08 7.83-08 1.18-07 7.9y-07 1.10-06 1.09-06 9.98-U7 4.15-U7
TL208 0.00 1.84-05 I.31-u5 1.17-06 3.37-07 5.92-11 1.02-11 1.59-10 1.63-09 1.44-08 5.38-08 5.46-08

TL209 0.00 1.26-11 1.26-11 1.52-11 2.63-10 2.50-08 1.99-06 4.64-05 1.04-04 S.30-06 1.27-18 0.00

P0209 J.00 4.02-11 4.03-II 4.86-11 8.4U-I0 7.96-08 6.37-u6 1.46-04 3.32-04 1.69-05 4.05-18 0.00

PB211 0.00 3.99-09 6.75-09 2.57-08 7.96-08 8.68-08 1.30-07 8.87-07 1.22-06 1.21-06 1.11-06 4.60-U7

PB212 0.00 3.15-06 2.2s-06 2.01-07 5.76-08 1.01-11 1.74-12 2.72-11 2.78-10 2.46-09 9.21-09 9.33-09
p8214 0.00 4.77-11 6.95-11 2.65-10 2.71-09 1.76-07 7.10-U6 5.50-05 1.36-05 3.d2-06 3.77_06 3.28-06

81210 0.JU 2.17-12 4.19-12 5.08-11 1.98-09 1.90-U7 7.67-u6 6.01-05 1.47-05 4.13-06 4.07-06 3.55-06

81211 0.00 4.64-08 7.87-08 3.0U-07 9.27-07 1.01-06 1.52-06 1.03-05 1.42-05 1.41-05 1.29-05 5.36-06

81212 0.00 3.81_05 2.72-05 2.43-06 6.98-07 1.23-1U 2.11-11 3.30-10 3.37-09 2.98-08 1.11-07 1.13-07
8/213 0.00 2.15-11, 2.15-10 2.60-10 4.49-09 4.27-u7 3.41-U5 7.92-04 1.77-03 9.05-05 2.16-17 0.00
B/214 0.00 2.72-10 3.97-10 1.51-09 1.55-08 1.01-O6 4.06-05 3.18_04 7.79-05 2.18-05 2.15-05 1.88_05

PU2I0 0.00 1.77_11 3.69-11 6.07-10 2.37-08 2.27-U6 9.1 7-05 7.18-04 1.76-04 4.94-05 4.87-05 4.24-05

P0211 0.00 1.58_10 2.68-10 1.02-09 3.15-09 3.44-09 5.17-09 3.51-08 4.83-08 4.79-08 4.39-08 1.82-08

P0212 0.u0 7.45-05 5.32-05 4.75-06 1.36-06 2.39-10 4.11-11 6.44-10 6.58-09 5.82-08 2.18-07 2.20-07

P0213 0.00 1.70-J9 I.70-u9 2.05-09 3.55-08 3.37-06 2.69-04 6.26-03 1.40-02 7.15-04 1.71-16 0.00
P0214 0.00 8.92-10 1.30-09 4.96-09 5.07-08 3.29-66 1.33-04 1.04-03 2.55-04 7.IS-05 7.05-05 6.14-05

P0215 u.Uu 6.22-08 8.85-08 3.37-07 1.64-06 1.14-06 1.71-06 1.16-05 1.60-05 1.58-05 1.45-05 6.02-06
P0216 J.00 8.96-05 6.42-05 5.72-06 1.64-06 2.89-13 4.96-11 7.76-10 7.94-09 7.02-08 2.63-07 • 2.66-07

P0218 0.00 7.09-10 1.03-09 3.94-U9 4.03-08 2.62-06 1.05-J4 8.27-04 2.03-04 5.68-05 5.61-05 4.88-05

AT217 0.00 1.46-09 1.47-09 1.77-09 3.06-08 2.91-J6 2.32-U4 5.4u-03 1.21-02 6.17-04 1.47-16 0.00

RN219 0.J0 4.82-08 8.18-08 3.12-07 9.63-07 1.05-U6 1.58-06 1.07-05 1.48-05 1.46-05 1.34-05 5.57-06

RN220 U.U0 8.33-05 5.95-05 5.31-06 1.52-06 2.68-10 4.60-11 7.19-10 7.36-09 6.50-08 2.43-07 2.46-07
HN222 U.Uu 6.38-10 9.3U-10 3.54-09 3.63-03 2.35-06 9.49-U5 7.44-U4 1.82-04 5.11-US 5.04-05 4.39-05

Fk221 0.00 1.30-09 1.30-U9 1.57-09 2.72-08 2.58-06 2.06-U4 4.79-03 1.07-02 5.48-04 1.31-16 0.00
FR223 0.00 4.19-11 6.61-11 2.52-10 7.80-10 8.51-10 1.28-09 8.69-05 1.20-08 1.18-08 1.09-08 4.51-09
RA223 0.00 4•14.08 7.02-08 2.67.07 8.27-07 9.U2-u7 1.36-06 9.21-06 1.27-05 1.26-05 1.15-05 4.78-06

RA224 0.00 7.51-05 5.36-05 4.79-06 1.37-06 2.41-10 4.15-11 6.49-10 6.64-09 5.87.08 2.20-07 2.22.07

RA225 0.1.10 2.29-11 2.30-11 2.78-11 4.81-10 4.57-08 3.65-06 8.48.05 1.90-04 9.69-06 2.32-18 0.00
RA226 0.00 5.58-10 8.08-10 3.08-09 3.15-08 2.04-06 8.24-05 6.46-04 1.58..04 4.44-05 4.38-05 3.81-05
AC225 0.00 1.20-09 1.20-09 1.45-09 2.51-08 2.38-06 1.90-04 4.42-03 9.89-03 5.05-U4 1.21-16 0.00
AC227 0.00 6.45-10 1.02-u9 3.88-09 1.2u-08 1.31-u8 1.97-08 1.34-07 1.84-07 1.82-07 1.67-u7 6.93-08
TH227 0.00 4.16-ud 6.86-08 2.61-07 8.08-07 8.81-07 1.32-06 9.00-06 1.24-05 1.23-05 1.12-05 4.67-06
Th228 0.00 7.28-05 5.11-05 4.57-06 1.32-06 2.31-10 3.97-11 6.21-10 6.36-09 5.62-08 2.10-07 2.13-07

TH229 0900 1.06-09 1,06-09 1,28-09 2q1-08 2.1U-06 1.67-04 3.89.03 8.72-03 4.45-04 1.06-16 0.00
TH230 0.00 5.77-07 5.78-07 5.90-07 9.67-07 1.09-05 1.06-04 6.44-04 1.58-04 4.43-05 4.37-05 3.81-05

TH231 U.OU 1.35-05 6.74-08 6.74-08 6.76-08 6.86-08 9.14-08 2.72-U7 2.87-07 2.85-07 2.61-07 1.08-07
TH234 0.00 1.12-04 5.62-07 5.59-07 5.69-07 5.59-07 5.59-07 5.59-07 5.59-07 5.58-07 5.50-07 4.79-07

PA231 0.00 7.52-07 7.62-07 7.53-07 7.56-07 7.92-U7 1.19-06 8.09-06 1.11-05 1.10-05 1.01-05 4.20-06

PA233 O.UO 4.59_04 4.60-04 4.60-04 4.66-04 4.96-04 5.05-04 4.91-04 3.67-04 1.99-05 4.38-18 0.00



NEFEriEOCE PANt 3.3 PLKCENT E ,4 R 1 CHC) u eROPERTIE5 AFTER SEPARATION

F0+‘E9 = 3u.00 mv, HJ,,'NUF = 331)uu.m4c, FL0x= 2.92+13q/Cma•2-SEC

NUCLIDE THERMAL P0o,R 1 4ATTs

gASI5 = mT OF U CHARGED To REACTOR

PA23411
pAk34

u232

0233

0234

Culi-(6E.

'4.10

0.00

0.0J

0.00

1.71-02

SEPARATIoA

1.62-u3
2.;;6_06

1.1J-J6

6.71-09

I .J9-04

1.0+ou T1?

3.13-u6
1.44-09

1.61-J6

.31-08

1.1 4-04

1.0*(11 Yii

8.04-C/6
1.93-08

2.40-06

4.35-07

1.91-04

1.j+u2 YR

d.08-u6

1.43-08
1.26-06

4.28-06
7.36-04

1.0+03

8.0g-u6

1.43-u4

2.1 7-Iu

1.31-L3

1.6+04 YQ

1.43-08

0.00
4.54-04

1.28-03

1.0+05 YR

8.08-U6

1•43-lid

0.00

3.74-03

1.u1-03

1.0.06 YR

b.08-U6

1.43-08

0.00
6.39-03

1.22-04

1.0+07 YR
8.07-0é,

1.43-06

O.U0

4.29-04

4.52-05

1.0+08 YR

7.96-06

1.41-08

0.00

1.02-16
4.45_05

1.009 YR

6.93-D6
1.22-08

0.00

13.1M
3.AR-05

U235 1.'79-03 2.37-06 2.37-0A 2.37-06 2.30-06 2.92-D6 3.22-0e, 9.59-06 1.01-05 1.00-05 9.19-06 3.62-06

U236

u237

1.1238

A.UU

0.00

).111-03

3.91-05
8.94-06

3.v7-u5

3.91-15

4.01-06

3.97-95

3.91-0S

s.26-06
3.47_05

3.96-05

4.22-08

3.97-05

4.26-09

,j.39-05

2.16-u9
3.97-0ci

1.09-04

2.70-12
3.97-05

1.06-04

0.00

3.98-05

8.16-05

0.00

3.97-05

6.00-06

0.00
3.92-05

2.79-17

0.00

3.41-05

NP237 0.1 4.49-03 4.99_13 1.0!1-02 1.01-02 1.11t-uZ 1.10-02 1.r)7-02 7.98-n3 4.33-04 9.52-17 0.00

NP239 J.UU 2.37-U2 2.31-n2 2.37-02 2.35-02 2.1 7-02 2.76-06 3.56-10 2.45-Iu 5.85-12 3.53-28

p0236 J.00 5.53_05 4.34-,N 1.1+6-u6 1.52-15 0.09 0.00 0.00 0.00 U.00 0.00
p0238 0.m0 4.70-01 2.98+00 3.42+00 1.74+00 2.72_03 4.19-21 0.00 0.u0 U.u0 0.00 0.00
p0239 0.uu 5.02-02 5.02-02 5.04-02 !".I 8-02 6.36-U2 1.25-01 1.78-02 8.14-09 5.63-07 1.35_10 8.13..27
Pu240 0..J0 7.39-02 8.18-02 1.8 1-31 2.77-01 2.57-ul 1.01-05 0.00 U.09 0.00 0.00

pu141
pu242

1.UL1

0.00
2.10-U2
2.02-04

2.00-02

2.02-U4
1.31-02
2.03-04

2.J5-04

2.06-04
1.06-05
2.14-u4

5.45-06

2.28-04

6.76-u9

1.9/-04
0.00
3.60-05

0.00
2.71-12

0.01)

0.00

0.00

0.00
pu243 J.00 1.94-12 3.89-10 3.69-10 3.89-1J 3.67_10 3.89-1n 3.67-1J 3.73-10 2.57-10 6.13-12 3.70..28

A11241 0.00 5.t,4+90 ,,.06+Mn 5.14+O11 4.00+00 1.15+01j 4.3b-u3 5.44-0$, 0.00 0.00 0.00 0.00
Am292m J.00 1.1S_LI3 I.1 4-n3 1.u2-03 7.26-04 1.29-0'a 1.81-23 u.Uu 0.00 0.00 0.00 0.00

AM242 0.1,0 5.37-03 5.35-03 5.13-03 3.4d-03 5.62-05 51-23 0.0U J.OU 0.00 u.OU 0.00

AM243

c6A242
d.d0
0.0J

.1,41-01
7.104.J2

6.41-il

1.bU+02
6.40-31

1.16-91
6.35-01

7.71-02

5.85-01
1.27-03

2.59-j1

1.73-21
7.446-0S

U.u0

9.62-07

0.00

6.62-09

0.00
1.50-10
U.00

94,5'1-27

0.00
cm243 0.o0 2.01-01 1.76-n1 1.62-01 2.30-02 7.9D-11 o.00 0.00 0.0U 0.00 0.00 0.00

CO244 9.00 6.(,.2+J1 0.44+01 6.n1+01 1.92+01 2.08-15 0.00 0.uo 0.00 0.00 0.00 0.00

CM195 u.Nu 5.60-03 e.6.)-03 8.6U-93 8.59-03 7.99_03 4.04-03 5.00-06 0.06 0.00 0.00 0.00

CM246 0.00 1.94-03 1.94-113 1.94-03 1.92-03 1.71-03 5.49-04 6.26-09 0.00 0.00 0.00 0.00

CM247 0.00 7.92-09 7.72-07 7.92-09 7.92-09 7.91-09 7.91-09 7.88-09 7.59-09 5.23-09 1.25-10 7.53..27

50b1UT 5.72-02 8.05.02 2.44+02 6.99+91 4.57+00 2.IM+Uu 5.20-01 6.Nd_u2 7.62-02 4.45-03 5.28-09 4.16-04

TOTAL 5.72-02 4.C+02 2.44+02 6.99+01 9.57+00 2.16+00 5.20-01 6.4d-U2 7.62-02 4.45-03 5.28-09 4.16-04



REFERENCE PWR 3.3 1. CEHT ft'0-i1CH0 U PRPPRT1E5 AFTER SEFAmATION

PUAEN = 3U.00 MW, NURNUP = 330110.84D, FLUX= 2.92+13N/CH4ti2-.5EC

CHARGE SEeARATION .0+00 YR

NUCLIDE INHALATION HAZAR0, Rrps. 3 OF AIR AT kCG

8)151S = MT OF U CHARGED TC, REACTOR

1.0+01 Yk 1.00+02 YR 1.0+03 YR 1.0+04 Yk 1.0+05 yk 1.J+06 YR 1.0+U7 YR 1.0+08 YR 1.0+09 yR

TL 207 U.uU -1.19.06 -7.68.06 -2.37-05 -2.59ub .3.89.j5 .2.64.04 -3.64-04 -3.60-04 -3.30-04 -1.37-04

TL2U8
TL209

0,00
0.00

-7.91.04

-7.68-10

.5.65.J4

_7,71-1U

-5.04-05

-9.29-10

.1.415.05
-1.61-08

.2.54.09

-1.53-U6
.4.37.10
-1.22-04

-6.83-05

.2.83.03
-6.99-08

-6.34-03
-6.17-07
.3.24.04

-2.31_06

.7.74..17
-2.34-06

0.00

P8209 9.00 -3.49-08 -3.50-08 -4.22-08 -7.31-07 -6.94-05 -5.54-63 -1.29-01 -2.88-01 -1.47-02 -3.52_15 0.00

PB210 0.00 2.09+02 3.98+02 4.82+03 1.88+95 1.81+07 7.28+08 5.71+09 1.4U+09 3.92+08 3.87+08 3.37+08

P8211 0.00 -1.19-06 -2.02-06 -7.70-06 -2.38-05 -2.60-05 -3.90-05 -2.65-04 -3.65-04 -'3.61-04 -3.31-04 -1.38.04

126212 O.UU 3.66+06 2.61+06 2.33+05 6.70+04 1.1 1 +u1 2.02+00 3.16+01 3.23+02 2.86+03 1.07+04 1.08+04

P8214

81210
u1211

0.00

u•r.th
0.00

4.13+00
-1.19-06

-2.85-08

7.96+00
-2.02-06

_1.09_07

9.64+01

-7.7U-06

-1.11-06

3.76+03
-2.38-05

-7.22-05

3.61+65
-2.60-05

-2.91-u3

1.464.'77

-3.90-05

.2.28-02

1.14+08
.2.65.04

-5.59-03

2.80+07
-3.65-01

-1.57-03

7.85+06

-3.61-04

-1.55-03

7.74+06

-3.31-04

-1.35-03

6.74+06

-1.38-04

81212 U•UU 7.32+05 5.23+05 4.66+04 1.34+04 2.35+00 4.04-01 6.33+00 6.47+01 5.72+02 2.14+03 2.17+03

81213 u.00 -3.49-08 -3.50-08 -4.22-08 -7.31-07 -5.54-03 .1.29-01 -2.88-01 -1.47-02 -3.52-15 0.00

01214 U.00 -1.46_08 -2.85-08 -1.09-07 -1.11-06 -7.22-u5 -2.91-03 -2.28-U2 -5.59-03 -1.57-03 -1.55-03 -1.35-03

P0210 U.00 8.04+01 1.6/+02 2.76+03 1.01+05 1.03+07 4.16+08 3.26+09 7.99+08 2.24+08 2.21+08 1.93+08

p021I 0.00 .3.58.09 -6.06-09 -2.31-08 -7.14-u8 -1.17-u7 -7.96-07 .1.39.06 .1.08-06 -9.93-U7 -4.13.07

P0212 0.0u -1.41-03 -1.00-03 -8.96-05 -2.57-U5 -4.52-09 -7.76-10 -1.21-U8 .1.24.07 .1.10-06 .-4.11-06 -4.16-06

P0213 o.uu -3.41-08 -3.43.u8 .4.13.08 .7.15.07 -6.79-u5 -5.42-03 -1.26-01 -2.82-01 -1.44-02 -3.44_15 0.00

P0214 0.00 -1.96-08 -2.85-08 -1.09-07 -1.11-06 -7.22-05 ...2.91.03 -2.2d-02 -5.59-03 -1.57-03 -1.55_03 -1.35-03

P0215 lieuU -1.19-06 -2.02-06 -7.70-0o -2.38-05 -2.60-05 -3.90-u5 -2.65-04 -3.65-04 -3.61-04 -3.31-04 -1.38-04

P0216 U.U0 .2.20-03 -1.57-03 -1.40-04 -4.02-05 -7.06-u9 -1.21-09 -1.9U-08 -1.94-07 -1.71-06 -6.42_06 -6.50-06

P0218 0.0U -1.96-08 -2.85-08 -1.U9-07 -1.11-06 ..7.22-Ub -2.91-03 -2.2b-U2 -5.59.03 -1.57-03 -1.55_03 -1.35-03

AT217 J.00 -3.49-08 -3.50-08 -4.22-08 -7.31-07 -6.94-05 .5.54.03 -1.29-01 -2.88-01 -1.47-02 -3.52.15 U.00

RN219 UodU -1.19-06 -2.02-06 -7.70-06 .2.38.05 ..2.6L-O5 -3.90-05 .2.65.04 -3.65-04 -3.61-04 -3.31-04 -1.38-04

RN220 0.0U 2.20+05 1.57+05 1.40+04 4.02+03 7.436-01 1.21-01 1.90+00 1.94+01 1.71+02 6.42+02 6.50+02

RN222 6.52+00 9.51+00 3.63+01 3.71+02 2.41+04 9.71+05 7.61+06 1.86+06 5.23+05 5.16+05 4.49+05

FR221 0.00 -3.49-08 -4.22-08 -7.31-07 .6.94.05 -5.54-03 -1.29-01 -2.88-01 -1.47-U2 -3.52_15 0.00

FR223 0.00 -1.79-08 .2.82.08 -1.08-07 -3.33-07 -3.64.07 -5.46-07 -3.71-06 -5.10-06 -5.06-06 -4.63-U6 -1.93-06

RA223 0.0U 1.49+05 2.53+05 9.63+05 2.98+06 3.25+06 4.88+06 3.32+07 4.56+07 4.52+07 4.14+07 1.72+07

RA224 0.00 1.16+08 7.84+07 7.00+06 2.01+06 3.53+02 6.06+01 9.49+02 9.70+03 8.57+04 3.21+05 3.25+05

RA225 0.00 6.96+02 7.00+02 8.45+02 1.46+04 1.39+06 1.11+08 2.58+09 5.77+09 2.95+08 7.04-05 0.00

RA226 9.85+03 1.43+04 5.44+04 5.57+05 3.61+07 1.46+09 1.14+10 2.80+09 7.85+08 • 7.74+08 6.74+08

RA228 0.00 3.130+00 6.52+00 2.18+01 3.85+01 1.08+02 1.21+03 1.90+04 1.94+05 1.71+06 6.42+06 6.50+06

AC225 U.OU -3.49-08 -3.50-08 -4.22-08 -7.31-07 -6.94-uS -5.54-03 -1.29-01 -2.88-01 -1.47-02 -3.52-15 0.00

AC227 U600 1.60+07 2.52+07 9.62+07 2.98+08 3.25+08 4.88+08 3.32+09 4.56+09 4.52+09 4.14+09 1.72+09

AC228 0.00 6.34-03 1,09-02 3.64-02 6.41-02 1.80-01 2.02+00 3.10+01 3.23+02 2.86+U3 1.07+04 1.08+04

TH227 0.00 2.01+05 31.324115 1.27+06 3.91+06 4.27+06 6.41+06 4836+07 5.99+07 5.94+07 5.44+07 2.26+07

TH228 0.00 1.11+10 7.80+09 6.98+08 2.01+08 3.53+04 6.06+03 9.49+04 9.70+05 8.57+06 3.21+07 3.25+07

TH229 0.00 4.37+05 4.38+05 5.284-06 9.13+06 8.68+08 6.934.10 1.61+12 3.60+12 1.84+11 4.40-02 0.00

TH230 0.00 2.55+08 2.56+(18 2.61+08 4.28+08 4.83+09 4.67+10 2.85+11 6.99+10 1.96+10 1.93+10 1.68+10

TH231 0.00 4.28+05 2.14+03 2.14+03 2.14+03 2.18+03 2.90+03 11.64+03 9.12+03 9.04+03 8.28+03 3.44+03



REFEREliCE PAR 3.3 PERCENT LAKICHEn 11 F'KOpEr.TIE3 AFTER SLFARA1100

Pi) NEIf = 30.00 ;Th, 1506'.0p

CHAMGE SEPARA1101. 1.0+00 IR 1.0.4m1 yk 1.0+02 YR 1.0+03 Y,z 1.0+04 ym

0232 1.00 3.11+ul . 314+H1 3.21+11 3. 1b+01 1.0i+u2 1.21+03

H234 J.60 3.1 44qP3 1.58+06 1.,/+A6 1.57+06

16.:'n

1.57.4,j6

A231 0.06 6.16+04 h.16+ 6.17+10 6.20+U8 9.75+,,A

A233 J.uk.1 5.06+07 5.67+07 5.66+17 !„. -75+07 6.12+07 6.23+07

A2346, 0.00 -3.1 4-01 -1.5E-03 -I.57-n3 -1.n 7-03 -1.57-0.1

A234 0.0U -3.14-04 -1.5,(3-06 -1.'L-7-U0 -1.'17-06 -1.57-06 -I.57-n6

0232 0.00 4.10407 5.56+07 9.70+37 4.35+,17 7.524.u3 A.00

0233 .1• 00 4,.76+04 4.61+115 1.74+06 1.67+07 3.81+00 3.90+09

0234 4.09+11 7.63+04 9.86+04 1.,,,,,,+0S ,-,. 39+09 1.14+10 1.11+10
0235 1.7 7+10 2.14+37 2.1 4+17 2.1 4+117 2.1 4+U7

. 
,.90+70 

0236
U237

.1. .II_1

0.,3

2.6 1..+08

-1.35-02
3.60+1P

-1.21-02

3.61+ e

-7.92-A3
411.6 +08

-1.24-c4
1.Z?:

-6.41_L,

.47.730

-1.26_06

0238 1.07+ 11 c,.:0+08 1„.24+06 3.24+38 5.24+04 5.24+Ou .A.24+06•
P237 0. ju 3.40+12 J.40+1? 3.611+1 /. 3.63+12 3.67+1, ."11 .. 7,:s1:i1.1
p239

0236

u2.111

.1.00

0.kJJ

U•uli

-, .7‘t+(lt,

-1.4-9-03

2.0+14

6.76+u8

-1.2',)-13

1.2b+IS

P.77+i)P

-1.40-04

1.47+1':,

'1.70+08

-4.38-14
57 +14. 0

8.02+03

0.it s

1.17+I7_
..).00

U239 .i•(:U 2.,Y+IJ
2 6'"+ 3

:689:11

Wi L40 J.,,Iti 3.Yi+ii
* l

4.3'-.+13
2.7n+ l 3
7.53+13

2.7°+ I 3
1.43+14

3.4 1+13

1.37+14

hl 36

5.47+13

024 1

u242
0.oU

..i•QL)

1.(m+14

1.1 4+11

1.61+14

1.1 4+11

1.05+14

1.1',+11

1.65+12

1.1 6+11

6.51,+10

1.41+11

41 ..;c71:11 1-1,

0243

m24I
0.611

0.GU

Z.k.Y-u2

7.S•3+14

4.58+:.0

Y.S,S+Pi

i.5e+00 4.56+00 4.5P+jo 4.57+60A

7.76+1 11 7.19+14 1.72+14 6.57+11
M2q2N 0.00 2.1:1+13 2.00+13 1.97+13 1.26+13 2.11+11 3 • 19-1.17

m242 0.'10 4.L 3+09 4.(11+09 3.k7)+09 2.35+09 4•22.+07 5.36-11

H243 ,)•LJU 8.76+13 r'.70+13 8.77+13 F.70+13 8.32+13 3.5S+13

0242

m243
0.00

0.0L1

4.62+15

2.73+13
1.02+15

2.61+13

7.90+11

2.2:1+13
6.23+11

3.13+12

8.64+09

1.07+04

0244 0.(JU "40415 a.1)94.15 5.73+15 1.83+14 1.96-01
411.(11"."

M245 0.00 1.3+12

it.00

H246

m247
;1-,10

_i•u0

2.v 7+11

1.37+06

1.38+12
2.97+11

1.37+06

1.38+ 12

2.96+11

1.37+06

1.37+12

2.93+11

1.37+06

1.26+12

2.61+11
1.37+06

6.5'3+!'

I,.33+10

1.37+J6

jUTOT

TOTAL
6.34+11
5.34+11

1.46+16

1.46+16

1.15+16

1.15+16

3.32+lb

4.12+15
41.9 +15

1.9+1 4 5
4.3C+11

4.3r1+14 I I:1'1:1414

3300(;.M 40, FLUX= 2.92+13N/CM,...2-5FC

oULLIOF 1.4 ,, ILATIoN 14 A76,q), He.:, oF iAlii AT kCC,

tIASIS = 0I UF U Cm610..,L0 TL. REACTOR

1.0+0b ,l'i

1.90+04

16.'1j:3:f:1'60

6.06+07

-1.57-U3

-1.4:1,7-06

0.00

3.21+11

3.74+09
o8.4+07

1.110+09

-4.67-09

5.24+e

3.03+12

1.02+0b

0.A0

9°,11;.. l ?

'....34 :(r/

1.11+11

4.56+UU

8.15+06

O•jtJ

0.u0
1.02+10

IT1=

0.00

9.13+LO
9.56+05

1.3./ 4.06

1.51+13

1.51+13

1.m+06 YR 1.n+u7 YR 1.0+0E) YR 1.0+09 YR

1.94+0S 1.71+06 6.42+06 6.50+06

1.57+06 1.57..u6 1.5b+06 1.35+06

.?.124-09 9.04+09 5.28+09 3.44+09

4.53+07 2.45+06 5.40-07 0.00

_1.57-03 -1.57-L3 -1.55-03 -1.35-03

-1.7-06 -1.57-(.6 -1.55_1)6 -1.35-06

0.00 0.0o 0.0,1 0.00

7.20+10 3.66+09 h.77_04 0.00

1.06+09 3.92+0A 3.147+00 3.37+08

7.12+07 9.04+07 6.28-.07 3.44+07
i.77+08 7.52+04 S.54+07 2.57-04

iT.011 C.00 U.00 0.00

5.24+0 5.23+08 5.16*U8 4.49+08

2.72+12 1.47+11 3.24-02 0.00

1.32+01 9.06+0c 2.16-U1 1.31-17

C.UO n.U0 0.00 0.00

(1.0u 0.ou 0.00 0.00

6.39+06 3.02+U6 7.22+04 4.36-12

0.00 0.J0 0.00 0.00

0.00 0.JU U.OU 0.00

2.15+11 1.53+03 0.00 0.00

4.39+GO 3.02+00 7.22-02 4.35-18

u.013 0.00 0.00 0.00

J.00 O.UU 0.00 0.00

0.00 0.00 0.00 0.00

1.32+06 9.06+05 2.16+04 1.31-12

61.1.10 0..10 0.00 0.00

0.00 0.00 U.00 0.00

0.00 0.00 0.00 0.09

U.00 0.00 0.0j 0.00

0.0u o.u0 0.00 0.0n

1.32.406 9.U6+05 2.16+04 1.31-12

6.51+12 3.72+11 3.43+10 2.41+10

h.51+12 3.72+11 3.43+10 2.41+10



REFERENCk P4H 3•3 eERCENT ENF00-1FD u PROPERTIES AFTER SEPARATION

POWER = 30.00 (9A. BURNUP = 33000.M64), FLUX= 2.92+13N/CR••2-SEC

CHARCiE SEPARATION 1.0+00 YR

NUCLIDE INGESTION HAZARD. 14..3 OF AATER AT HCG

HASIS = MT OF U CHARGEU TO REACTOR

1.0+01 YR 1.u+02 'ft.( 1.0+03 YR 1.0+04 YR 1.0+05 YR 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09 YR

TL207 U.00 -1.19-U6 -2.01-u6 -7.68-06 -2.37-05 -2.59-05 -3.89-05 -2.64-O4 -3.64-04 -3.60-04 -3.30-04 -1.37-04

TL208 0.0G -7.91-04 -5.65-94 -5.0-05 -1.45-05 -2.54-09 -4.37-1u -6.63-09 -6.99-08 -6.17-07 -2.31-06 -2.34-06

TL209 0.00 -7.68-10 -7.71-10 -9.29-10 -1.61-08 -1.53-06 -1.22-04 -2.83-'03 -6.34-03 -3.24-04 -7.74-17 0.00

128209 0.00 -3.49-06 -3.50-08 -4.22-08 -7.31-07 -6.94-u5 -5.54-03 -1.29-01 -2.88-01 -1.47-02 -3.52-15 0.00

P8210 0.00 8.37-03 7.52+00 7.22+U2 2.91+04 2.28+05 5.59+04 1.57+04 1.55+04 1.35+04

PB211 U.00 -7.7J-06 -2.38-05 -2460-05 -3.90-U5 -2.65-04 -3.65-04 -3.61-04 -3.31-04 -1.38-04

P8212 0.00 1.10+02 7.84+j1 7.00+00 2.01+00 3.53-04 6.06-05 9.49-04 9.70-03 8.57-1J2 3.21-01 3.25-01

pb214 U.0U -1.96-33 -2.85-08 -1.0-07 -1.11-06 -7.22-u5 -2.91-03 -2.28-02 -5.59-03 -1.57-03 -1.55_03 -1.35-03

B1210 0.00 2.06-05 3.98-135 4.82-04 1.88-02 1.81+00 7.28+01 5.71+02 1.40+02 3.92+01 3.87+01 3.37+01

81211 0.60 -1.19-06 -2.02-06 -7.70-06 -2.36-05 -2.60-u5 -3.90-j5 -2.65-04 -3.65-04 -3.61-04 -3.31_04 -1.38-04

81212 o.Jo 5.49+0u 3.92+00 3.50-01 1.00-01 1.76_ 4t5 3.03-06 4.74_u5 4.85-04 4.29-03 1.60-02 1.63.02

81213 u.00 -3.49-08 -3.50-08 -4.22-08 -7.31-07 -6.94-u5 -5.54-03 -1.29-01 -2.88-01 -1.47-02 -3.52_15 0.00

81214 o.ou -1.96-08 -2.65-03 -1.09-07 -1.11-06 -7.22-05 -2.91-03 -2.28-02 -5.59-03 -1.57-03 -1.55-03 -1.35-03

P0210 0.00 6.u4-04 1.6/-03 2.76-02 1.07+00 1.03+02 4.16+03 3.26+04 7.99+03 2.24+03 2.21+03 1.93+03

P0211 -3.58-09 -6.06-09 -2.31-08 -7.14-06 -7.79-06 -1.17-07 -7.96-07 -1.09-06 -1.u8-06 -9.93_07 -4.13-07

P0212 0.00 -1.41-03 -1.00-03 -8.96-OS -2.57-95 -4.52-0 -7.76-10 -1.21-08 -1.24-07 -1.10-06 -4.11-06 -4.16-06

P0213 0.00 -3.41-08 -3.43-08 -4.13-08 -7.15-07 -6.79-05 -5.42-03 -1.26-01 -2.82-01 -1.44-02 -3.44-15 0.00

P0214 0.00 -1.96-08 -2.85-04 -1.0-07 -1.11-06 -7.22-05 -2.91-U3 -2.28-02 -5.59-03 -1.57-03 -1.55-03 -1.35_03

P0215 0.00 -1.19-06 -2.02-j6 -7.70-06 -2.38-05 -2.60-05 -3.90-05 -2.65-04 -3.65-04 -3.61-04 -3.31-04 -1.38-04

P0216 0.00 -2.20-03 -1.57-93 -1.40-04 -4.02-05 -7.06-09 -1.21-09 -1.90-08 -1.94-07 -1.71-06 -6.42-06 -6.50-06

P0218 0.00 -1.96_08 -2.85_jd -1.09-07 -1.11-06 -7.22_,J5 -2.91-03 -2.28-02 -5.59-03 -1.57-03

AT21/
iiN219

6.00

0.00

-3.49-U8

-1.19-06
-3.50-08
-2.02-06

74.22-08
-7.70-06

-7.31-07

-2.38-05

-6.94-05

-2.60-u5
-5.54-03

-3.90-U5
-1.29-01

-2.65-04
-2.88-01
-3.65-04

-1.47-02

-3.61-04

-3.52_15:::::::: 0.00
::::::::

kN220 0.00 -2.20-03 -1.57-J3 -1.40-04 -4.02-05 -7.06-09 -1.21-09 -1.9u-08 -1.94-07 -1.71-06 -6.42-06 :6.50-06

RN222 U.U0 -1.96-08 -2.65-08 -1.09-07 -1.11-06 -7.22-05 -2.91-03 -2.26-02 -5.59-03 -1.57-03 -1.55-03 -1.35-03

FR221 0.00 -3.49-06 -3.5u-08 -4.21-08 -7.31-u7 -6.94-05 -5.54-U3 -1.29-01 -2.88-01 -1.47-02 -3.52.15 0.00

FR223 3.00 -1.79-08 -2.82-u8 -1.08-07 -3.33-07 -3.64-07 -5.46-U7 -3.71-06 -5.10-06 -5.06-06 -4.63-06 -1.93-06

HA223 0.0u 1.70+00 2.89+00 1.10+01 3.40+01 3.71+ul 5.57+U1 3.79+02 5.21+02 5.16+02 4.73+02 1.96+02

RA224 0.00 1.10+03 7.84+02 7.00+01 2.01+01 3.53-03 6.06-04 9.49-03 9.70-02 8.57-01 3.21+00 3.25+00

RA225 0.00 5.80-u2 5.84-02 7.04-02 1.22+00 1.16+02 9.23+03 2.15+05 4.81+05 2.45+04 5.87-09 0.00

RA226 U.U0 6.57-01 9.51-u1 3.63+00 3.71+01 2.41+03 9.71+04 7.61+05 1.86.05 5.23+04 5.16+04 4.49+04

RA228 0.00 1.27-04 2.17-04 7.28-04 1.28-03 3.61-03 4.04-d2 6.33-01 6.47+00 5.72+01 2.14+02 2.17+02

AC225 0.00 -3.49-08 -3.50-08 -4.22-06 .7.31-07 -6.94-u5 -b.54-03 -1.29-U1 -2.88-01 -1.47-02 -3.52-15 0.00

AC227 0.00 6.40-01 1.014'00 3.85+00 1.19+01 1.30+01 1.95+01 1.33+02 1.82+02 1.81+02 1.66+02 6.68+01

AC228 U.00 4.23-08 7,24-08 z.43-07 4!?8-07 1.20-06 1.35-05 2.11-04 2.16-03 1.91-02 7.13_02 7.22-02

TH227 0.00 6.04-02 9.96-02 3.80-01 1.17+00 1.28+00 1.92+00 1.31+01 1.80+01 1.78+01 1.63+01 6.78+00

TH228 0.0U 3.18+02 2.23+02 1.99+01 5.74+00 1.01-03 1.73-04 2.71-03 2.77-02 2.45-01 9.17-01 9.29-01

TH229
TH230

0.00

0.00

1.75-02
1.02+01

1.75-02
1.02+01

2.11-02
1.04+01

3.65-01
1.71+01

3.47+01
1.93+02

2.77+03

1.87+03
6.44+04

1.14+04
1.44+05
2.80+03

7.36+03
7.85+02

1.76-09

7.74+02
0.00
6.74+02

TH231 0.00 6.55+01 4.26-01 4.28-01 4.28-01 4.37-01 S.80-01 1.73+00 1.82+00 1.81+00 1.66+00 6.88-01



PEFEHE',ICE PNR 3.3 PERCENT EWRIC1E0

TH232

TH234

PA231

PA233

PA 234I
PA234

0232

U233

0234

U235

0236

U237

U238

NP237

NP139

PU236

PU238

PU239

P0240
P0241

PU242

PU243
Am"c41

Am242m

AN242

AN243

c8242

CM243

CH244

CH245

CM246

CM247

SUNTOT

TUTAL

=

PRuPF:fl1F.'S AFTEP SLPARA1100

30.u0 IW, pURNVP = 33000.4H0, FLUX= 2.92+134/CM...~-SEC

CHARGE

G.OU

0.00

6.0O

0.00

0.00

3.UU

0.00

0.00
5.45+09
2.36+03

0.0U

n.12O

4.,15+-J3

0.o0

0.00

0.00

VA 00
0.30

0.00

1.30

0.0u

0.00

0.00

9.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

6.50+04

6.50404

SEPARAT/OH

1.57-U5

1.b7+04

2.74+01
3.40+03

-3.1 4-01

-3.14-04
1.23+0r)

7.60-03

1.26+02

2.05+01
9.60+01

-1.35-02

3.93+01
1.13+0

1.76+05

-1.59-03

2.64+06

3.23+ ,35
4.75+05

2.53+06

1.37+03

4.58-06
3.78+07

1.(i1+06

4.L3+04

4.39+06

9.63+OR

1.L,Y+06

3.60+06

1.89+09

1.48+09

6.;46-02

1.37+09

1.31407

N0CLIOE 1060710N HAZA1:0, mire3 0F ,NATFH AT HCG

BASIS = mT OF U CHARuED TO REACTOR

.U+Cd YR 1.04 J1 YK

1.57-05 1.60-0b

7.90+01 7.65+01

2.74+01 2.74+01

3.40+13 3.41+33

-1.5U-13 -1.5/-13

-1.56-06 -1.51-06

1.67+00 2.91+00
6.14-o2 4.9P-01

1.32+02 7.71+02

7.E'5+00 2.85+00

9.80+01 4.81+01

-1.21-02 -7.92-03
3.93+01 3.93+01

1.13+9i 1.1 4+05
1.70+05 1.75+05

-1.2S-03 -1.40-04

1.N0+07 2.06+0/

3.23+05 3.74+05

5.25+L6 9.r3+05

7.91+36 1.56+06

1.37+03 1.37+03

5.15-J4 9.15-14

3.79+U7 3.k8+97

1.00+06 9.62+J5

4.01+04 3.05+04

4.39+j6. 4.39+06
2.04+03 1.5d+1

1.07+06 0.1:1+05

3.47+0e 2.96+00

A.e9+0,1 6.69+34
1.48+04 1.46+04

6.66-02 6.F6-02

6.17+Jd 3.1!-.+13L

6.17+08 3.15+05

1.0+02 YR
1.92-05

7.85+01

2.75+01

3.913+03
-1.57-03

-1.57-06

1.30+00
9.90+0U
8.712+02
2.86+00

4.ad+ul
-1.24-04

3.93+01

1.15+05
I • 74+05

-4.30-14

1.05+17

3.33+05

1.78+06
2.47+04

1.39+03

Y.15-04

3.60+07

6.33+0

2.55+1_14

4.35+06

1.05+05

I • 25+05
2.03+06

0.94+04

1.47+04

6.86-02

6•21407

6•2 1 +07

1.0+U3 fk 1.11+04 Y;,, 1.0+05 YH 1.0+06 YR I

5.41-05 6.06-04 9.49-03 y.70-02

7.05+01 /.85+u1 7.00+01 7.06+01

2.0F+01 4.33+01 2.95+02 4.05+02

3.67+03 3.74+03 3.63+03 2.72+03

-1.57-03 -1.57-01 -1.57-03 _1.57-03

-1.57-06 -1.,..;7-JA -1.7-01, -1.57-06

2.ké--04 u.00 0.0u 0.00

5.0u+01 s.20+02 4.20+03 9.61+03

1.52+03 1.40+03 1.17+03 1.41+02

2.91+00 3.A 7+0C 1.15+01 1.22+01

5.63+01 1.03+02 1.34+02 1.30+02

-6.41-v6 -3.28-06 -4.1;7-09 6.00

3.'0+01 3.9.5+31 3.93+01 3.93+01

1.22+05 1.25+L5 1.21+01, 9.05+04

1.60+05 7.10+04 2.04+ul '2.63-03

0.00 ,.00 0.LLI 0.0U

1.64+04 2.53-14 0.Ju u.00
4.09+0 R.03+u5 1.12+05 5.27-02

1.6!,+06 6.56+05 6.45+01 u.OU

1.28+03 6.56+u2 51.15-01 0.(710

1.45+03 1.53+03 1.34+03 2.5.0+02

9.15-04 1.15-08 9.11-04 8.70-04

4.58+06 3.28+04 9.07+01 U.UU

1.05+u9 1.59-14 U.Ju 0.00

4.22+u2 6.30-17. 0.60 0.09

4.01+06 1.71+06 5.11+u2 6.50-02

1.13+03 2.62-15 0.u0 0.00

4.30-04 0.0u u.Li

0.uU o.00

6.40+L4 3.20+64 4.07+01 u.00

1.31+u4 4.19+03 4.70-02 0.00

6.06-u2 6.86..02 6.53-02 6.50-02
1.5(j+07 

3.654.06
1.56+06 9.e3+05

1.50+07 3.65+06 1.56+06 9.83+05

.0+07 Y R 1.0+08 YR 1.04'09 YR

0.57-01 3.21+00 3.25+00

7.135+01 7.74+01 6.74+01
4.02+62

1.47+07
-1.57-03

0.00

4.91+02

5.i3+01

1.2n+01

1.00+02
u.un

3.92+01
4.91+03

1.d1-113

0.00

U.00

3.63-02

0.00

0.U0

1.04-05

6
.10_04

0.00

0.00

0.00
9.53-02

0.00

0.un

0.4_10

0.00

0.00

4.53-02

1.10+05
1.10+0.;

3.60+02

3.24-11
-1.55-03

-1.55-06

0.00
1.17-10

5.16+01

1.10+01
7.38+00

0.00

3.87+01
1.08-09

4.33-05

0.00

U.OU

a.66-04

0.00

0.00

0.03
1.44_05

0.00

0.00

U.00

1.08-03

0.00

0.00

u.n0

0.00

0.00

1.08-03

7.15+04

7.15+04

1.53+02

0.00

-1.35-03

-1.35-136

0.00

0.00

4.49+01
4.50+00
3.43-11

0.00

3.37+01

0.0n
2.61-21

0.00

0.00

5.23-20

0.00

0.00

0.00
8.70-22

0.00
0.00

0.00

6.53-20

0.00

0.00

0.00

0.00

0000
6.53..20

6.18+04

6.18+04



2.C.15

LWR-PLANT WASTE FROM URANIUM FUELS

Fission Products



REFE,tENCL P4R 3.3 PLRCE.HT EdR1CHE0 U P:i08E67115 AFTEIZ SEPPARAT10

POAER 30.00 0N, WJR'1UP 33100.MY0D, FLUX= 2.92+130/C1-1**2-55C

NUCLIIA LuNCE0TRATION55 G3A1-15

6/1515 = MT OF U OtARGEO TO RLALTO

CHA;-?(,E 5LPARATIO1 1.0+OU YR 1.0+1,1 YR 1.0+02 YR 1.0+03 YR 1 .,,i+04 YR 1.0+uS YP 1.0+06 YR 1.0+07 Yk 1.u+nli YR 1.0+09 YR

H 3 1.UO 7.14-02 6.75-12 9.U7-02 2.5S-04 2.43-i6 1.0U 0.60 u.UU 0.00 0.110 0.00

E 72 5.64-03 5.84-3 5.84-03 5.84-03 5.84-03 5.84-03 5.84-03 5.64-03 5.134-03 5.84-03 5.84-03

E 73 o.uo 1.51-32 1.51-02 1.51-02 1.51-02 1.51-0? 1.51-02 1.51-02 1.51-02 1.51-0? 1.51-02 1.51-02

if: 74 0.0U 5.57-02 5.57-02 5.57-02 5.57-02 5.7-u2 5.57-0? 5.57-02 5.57-02 5.57-02 5.57-02 5.57-02

5 75 1.0b H.46-02 F;.4,s-02 8.146-02 4.46-02 8.46-02 8.46-0? 6.46-02 8.46-02 6.46_02 8.46-02

iE 76 0.120 2.94-01 2.94-U1 2.94-01 2.94-01 2.94-01 2.14-01 2.94-01 2.94.111 2.94-01 2.94-01 2.94-01

iL 76 0.00 1.95-d3 1.85-03 1.85-03 1.85-03 1.05_03 1.05-03 1.85-03 I.85-U3 1.85-03

5E 77 U.uu 9.47-01 9.97-01 9.47-01 Y.4/-g1 9.47_01 9.47-01 9.47-01 9.47_01 9.97-01 9.47..01

iE 78 0.00 2.54+0u 2.54+00 2.54+Ou 2.54+Ou 2.54+0u 2.54+Wi 2.54+0( 2.54+00 2.5'4+00 i.S4+On 2.54+00

iE 79 0.00 5.72+00 5.72+00 5.72+UU S.71+00 5.66+0p 5.14+J0 I.97+0C 1.34-04 0.00 U.oU 0.00
iR 79 0.0u 5.65-04 6.46-04 1.19-03 6.13-0e! 5.79-31 3.75+0u 5.72+()0 5.72+00 5.72+00 5.72+00

iF h(, 0.uo 9.9 -1+00 9.99+00 9.99+00 9.99+00 9.99+00 9.519+ur 9.99+06 9.99+Ou 9.99+00 9.99+00 9.99+00

CH ab 2.62-1.11 2.R2-01 '2.82-01 2.62-01 4.C52-'01 2..2-01 2.82-ul 2.82-ul 2.82-U1 2.82-01

IR 8 1 U.00 1.53+Ul 1.53+01 1.53+01 1.53+01 1.53+01 1.53+01 1.5.3+01 1.53+Ul 1.53+01 1.53401

'R 6 1 O.UU 1.52-UI 1.52_01 1•52-01 1.52-11 1.52-01 I .52_ul 1.52-01 1.52_01 1.52-01 1.52-01 1.52-01

iE 82 0.00 3.29+01 3.29+01 3.29+01 3.29+01 3.29+ul 3.29+01 3.29+01 3.29+01 3.29+01 3.29+01 3.29+01
R 1-12 00UO 4.F3-01 11.63-01 4.03-01 4.63-01 4.63-01 4.83-61 4.83-01 4.63-01 4.63-01 4.83-01 4.83-01
R 83 0.0U 4.07+01 4.07+01 4.67+01 4.07+01 S.07+01 q.o7+ul 4.07+ul 4.07+01 4.U7+01 4.07+01 9.07+01
H r4 0.00 1.1 24u2 1.12+02 I.12+u2 1.12+02 1.12+02 1.12+07 1.12+02 1.1 2+02 1.12+02 I.12+u2 1.12+02

F 85 0.Li0 2.1-4+01 2.67+01 1.50+01 8.65-02 3.86-2) 0.o0 0.UU 0.0U 0.00 U.00 0.00
6 65 LeOU 9.51+01 9.69+rl 1.09+02 1.23+02 1.29+1,2 1./4+02 1.24+02 1.24+6? 1.24+02 1.29+62
H 66 1.93+02 1.93+02 1.93+02 1.93+02 1.93+U2 1.93+1,12 1.93+02 1.93+02 1.93+02 1.93+02 1.93+02

1,; 86 0.00 2.34-1,5 3.09-11 0.00 0.00 O.L 13 h.0U O.Ud fi.00 0.U0 U.00 0.00
I, 66 0.00 1.22-01 1.22_01 1.22-01 1.22-01 1.22-01 i.22-01 1.22-0) 1.22-01 1.27-01 1.22-01 1.22-01

0 67 00U0 2.39+02 2.39+U2 2.39+02 2.39+02 2.39+u, •i.39+U2 2.39+02 2.39+02 2.39+02 2.39+02 2.36+02

Sr h7 000U 5.74-05 5.74-'25 5.24-U5 5.77-05 6.u7-uS Y.05-05 3.b9-04 3.37_03 3.32-02 3.31-111 3.29400

K 38 0.10 3.50+02 3.50+02 3.S0+02 3.5U+02 3.50+1)2 3.50+02 3.50+02 3.50+02 3.511+02 3.50+02 3.50402

'1.00 3.45+00 2.65-02 2.50-21 u.00 00110 6.00 0.1,0 6.110 o.uO 0.00 0.00
69 0.00 S.63+02 4.67+02 4.67+02 4.6/4-02 4.67+02 4.67+1,2 4.67+02 4.67+02 4.67+u; 4.67+02 4.67+02

5R 9U 0+00 5.43+02 5.30+1-,2 4.25+02 4.61+01 1.06-0E4 U.OU 0.00 0.00 0.uu 0.0U 0.00

Y 90 0.0U 1.111-U1 1.313-L1 1.10-UI 1.2u-02 2.75-12 0.00 U.110 0.00 0.00 0.00 0.00

EP SU U.00 2.86+ul 4.I8+01 1.47+02 5.26+02 5.72+uz S.22+02 5.72+02 5.22+02 5.72+u2 5.22+02 5.22+112
y 91 0.00 6.61+00 8.92-02 1.33-16 U.00 0.00 0.00 0.1,11J 0.1.10 0.uo 0.00 0.00

!R 91 0.00 6.0+02 6.11+02 6.11+02 6.11+02 6.II+U2 6.11+0? 6.11+02 6.11+02 6.11+02 6.11+02 6.11+02

!P 92 0.00 6.64+02 6.64+02 6.64+02 6.64+02 6.64+02 6.64+02 6.64+02 6.64+02 6.64+1_12 6.64+02 6.64+02

!R 93 0.0U 7.36+02 7.36+02 7.36+02 7.36+02 7.36+02 7.33+02 7.03+02 4.64+02 7.25+00 6.35-18 0.00
411 93M 0.U0 6.39-04 9.36-04 3.05-03 6.64-n3 6.67-U3 6.64-03 6.37-03 4.20-03 6.57-05 5.75-23 0.00

46 93 0.on 3.92-05 7.94-05 1.03-03 2.80-02 3.34_01 3.39+00 3.32+01 2.72+02 7.29+02 7.36+02 2.36+02

R 94 0.00 7.91+02 7.91+U2 7.91+02 7.91+02 2.91+02 7.91+02 7.91+02 7.91+02 7.91+02 7.91+02 7.91+02
R 95 0.00 1.31+01 2.67-01 1.61-16 0.00 0.00 0.00 0.00 U.00 0.00 0.00 0•U0



KEFLRENC Mt 3.3 nRCENT LNR1CHE0 0_PR0PERTIg$ k4FTCR

POWER 0, 30.00 MW, BURNUP = 33000.M*0 1 FLUX= 2.92+13N/CM0.12-SEC

NUCLIDE CONCENTRATIONS, GRAMS
OASIS w MT OF U CHARGED TO REACTOR

CHARGE SEPARATION 1.0+00 YR 1.0+01 YR 1.0+02 YR 1.0+03 YR 1.u+04 YR

N8 95M
NB 95

0000
0.00

1 •60-.132
1.32+01

3•22.-04
3.18-01

1..97..19
1.88-16

O.OU
0.00

0.00

C7".(;02+02

L.00
0.00

MO 95 0.00 7.45+02 7.71+02 2.22+02 7.72+02 7.72+02
ZR 96 0.00 8.32+02 8.32+02 8.32+02 8.32+02 8.32+02 8.32+02
MO 96 0.00 3.97+01 3.97+01 3f407+01 3,97+01 3.97+01 3.97+01
MO 97 0.00 8.33+02 8,33+02 8.33+02 8.33+02 8.33+02 6.33+02
MO 98 0000 8.50+02 8,50+02 8.50+02 8.50+02 8.50+02 8.50+02
TC 99 0.00 6.91+02 0.91+02 8.41+02 £.41+02 8.39+02 8.14+02

RU 99 0.U0 5.32-03 8.07-03 3.28-02 2.80-01 2.75+U0 2.71+01
M0100 0.00 9.72+02 9.72+02 9.72+02 9.72+02 9.72+02 9.72+02
RU100 04,00 5,60+01 5,60+01 5.60+01 5.60+01 5.60+111 5.60+01
RU101 0.00 7.77+02 7.77+02 7.77+02 7.77+02 7.77+82 7.77+02
RU102 O.U0 7.68+02 7.68+02 7.68+02 7.68+02 7.68+112 7.68+02
RU103 0.00 2.76+00 4.62-03 4.80-28 0.00 ° 0.00
RH103M 0.00 2.76_03 4.62..06 4.81.-31 0.00

1:31.2 +1121411103 0.00 3.85+02 3.88+02 3.88+02 3.88+02 3,.....02

RU104 0+00 5.45+02 5+45+02 5.45+02 5.45+02 5.45+U2 5 . 45+u2

PD104 0.00 2.45+82 2.45+02 2.45+02 2.45+02 2.45+02 2.45+82
PD105 0.U0 2.95+02 2.95+02 2.95+02 2.95+02 2.95+02 2.95+02
RU1C6 0.00 1.22+02 6.13+01 1.24-01 1.36-28 0.00 0.00
HHIU6 0•UO 1.16.04 5.80..05 1.17.-07 .1.29..34 0.0 0 0.00
PD106 O.UU 3.27+02 3.88+02 4.49+02 4.49+02 4.49+u2 4.49+02
PDIU7 0900 2.31+02 2.31+02 2.31+02 2.31+02 2.31+02 2.31+02
AG107 0.00 3.60-05 5.88.-05 2.65-04 2.32-03 2.29-.82 2.29-01
PC108 0.00 1.56+02 1.56+02 1.56+02 1.56+02 1.56+02 1.56+ 02
CD108 0.00 5.01.07 5.01-07 5.01-07 5.01-07 5.01..07 5,01.-07

AG1L9 0.00 5.97+01 5.97+01 5.97+01 5.97+01 5.97+01 5.97+1.11
C0109 0.00 1.29-09 7.36..10 9.62-12 6.98-34 0.00 0.00
P0110 0.00 3.34+01 3.34+01 3.34+01 3+34+01 3.34+01 3.34+01
AGM:1M 0.00 5.57-02 2.05-02 2.52..06 0.00 0.0U 0.00
AG1I0 0.00 8.08-09 2.97-U9 3.65-13 0.00 0.00 U.00
CD110
C0111

0.00

0.00

4.10+01

1.72+01

4.10+01

1.72+01

4.10+01
1.72+01

4.10+01
1.72+01

4.10+01

1.72+01

4.10+81

1.72+01
CD112 0.00 9.33+08 9.33+00 9.33+00 9.33+00 9.33+00 9.33+00

CD113M 0.00 1,96-09 1,69-0 1.21-n4 1.41.-06 6.31-26 0.00
CD113 0.00 2.25-01 2.25.-01 2.25-01 2.25-01 2.25...01 2.25..01
1N113 0.00 1.06-05 2,02-05 8.80-05 2.07-04 2.09-09 2.09-09

C0119 0.00 1.23+01 1.23+01 1,23+01 1.23+01 1.23+01 1.23+01
1N119m
SN119

0.00
0.00

7.19-1u
1.61-06

9.55-12
1.61-06

7.99-32
1.61..06

0.00
1.61..06 1:1".6 (1".r1-06

1.0+05 YR 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09
0.00 0.00 0.00

11:11=
7.72+02 7.72+02 (:71. 92+02 97.7112+02
0.00

8.32+02 8.32+02 8.32+02 8.32+02
3.97+01 3.97+01 3.97+01 3.97+01
8.33+02 8.33+02 8.33+02 8.33+02
8.50+02 0.50+02 8.50+02 8.50+02
6.07+02 3.20+01 5.35-.12 0.00
2.35+02 8.09+02 8.41+02 8.41+02
9.72+02 9.72+02 9.72+02 9.72+02
5.60+01 5.60+01 5.60+01 5.60+01
7.77+02 7.77+02 7.77+02 7.77+02
7.68+02 7.68+02 7.68+02 7.68+02

0.00 0.00

..1t:11 (:,ii +02 (3.111a+02 

0.00

3.88+02(11: 3.88+02

0.0U

5.45 +02 5.45+02 5.45+02 54,45+02

0.00

2.45+02 2.45+02 2.45+02 2.45+02

2.95+02 2.95+02 2.95+02 2.95+02

..1.1 0:. 0.000.00 
0.000 

4.49+u2 4.49+02 4.49+02 4.49+02
111:1) 

0.00 

2.2(f+02 2.09+02 8.58+01 1.16-02

2.28+00 2.18+01 1.45+02 2.31+02
1.56+02 1.56+02 1.S6+02 1.56+02

5.01-07 5.01-07 5.01-07 5.01..07

5.97+01 5.97+01 5.97+01 5.97+01
0.00 U.00 0.00 0.00
3.34+01 3.34+01 3.34+01 3.34+01

4.10+01 4.10+01 4.10+01 4.10+01
(0".n 

0.00 
0.00 0.00
0.00 0.00

1.72+01 1.72+01 1.72+01 1.72+01
9.33+0u 9.33+00 9.33+00 9.33+00

0.0U 0.00 0.00
00(2.2S-01 2.25-01 2.25-01 2.25-01)

2.09..114 2.09-04 2.09-09 2.09-04
1.23+01 1.23+01 1.23+01 1.23+01
0.00 0.00 0.00 0.00
1.61-06 1.61-06 1.61-06 1.61-06

TR'

0.00
0.00
2.72+02

8.32+02
3,97+01
8.33+02'
8.50+02
0.00
8.41+02
9.72+02
5.60+01

7.77.02
7.66+02

0.00
0.00
3.88+02
5.45+02
2.45+02

2.95+02
0.00
0.00

4.49+02
0.00
2.31+02
1.56+02
5.01..07

5.97+01
0.00
3+34+01

0.00
0.00
4.10+01
1.72+01
9.33+00
0.00
2.25-01

2.09-09
1.23+01

0.00
1.61..06



RLFEN,Ei''LE P4R 3.3 BERCE07 ENRICHED j I'ROPFNTIE5 AFTE SEVARATION

FUEri = 30.U0 801,00P = 33009.1v-0o FLUX= 2.42+1314/CM**2-5EC

NUCLIDE CONCENTRATIONS. :25A115

OASIS = MT OF U CHARGED TU REAL1OR

CNA0uE 5EPARATILIN 1.0+00 YR 1.0+0 YR 1.0+02 YR 1.0+0 YR 1.0+04 YR 1.o+05 YP 1 .0+06 YR 1.0+07 YR 1.0+08 YR 1 .0+09 YR

C0115N 0.0U 1.70-03 4.71-U6 4.63-29 0.0U U.OU 0.00 n.uu 0.00 0.1)0 0.00 0.00

1N115 ,I•o0 1.73+0L; 1.23+00 1.23+00 1.23+00 1.23+00 1.23+e0 1.23+0:1 1.23+00 1.23+00 1.23+00 1.23+00

SN115 j.00 1.94-01 1.44-cl 1.94-g 1 1.94-ol 1.94-01 1.94-6 1.94-01 1.94-0( 1.44-01 1.94-01

c0116 0.00 3.76+u0 3.76+00 3•76+30 3.76+UU 3•76+uo 3.76+UC 3.76+0n 3.76+00 3.76+00 3.76+00 3.76+00

sr116 u.uu 2.73+cu 2.73+0(1 2.73+ou 2.73+ou 2.73+uu 2.73+u0 2.73+00 2.73+00 2.73+00 2.73+U0 2.23+00

sN117 0.OU 3.90+00 3.90+On 0.90+00 3.9ufuu 3.90+00 3.9u4or 3.90.011 3.90+00 3.904- uq 3.90.4.Uo 3.90+00

SN116 o.ou 3.98+0u 3.96+00 3.9P+30 3.98+00 3.9R+U1 3.96+00 3.964- Ut. 3.98+00 3.98+O0 3.48+00 3.98+00

51 1 1190 u.f.IU 2.46-03 U.95-041 9.40-Ob U.OU 0.1J0 0.0U 0.uo L.00 o.uu u.0U 0.00

5N119 4.12+00 4.12+00 4.12+00 4.12+00 4.12+00 4.1 2+UU 4.124uc 4.12+00 9.12+00 4.12+00 4.12+00

So120 0.00 4.30+00 4.30+00 4.30+00 4.3,3+00 4.3u+UU 4.30+00 4.3u+uU 4.30+00 4.30+00 4.30+00 4.30+00

54121H 0.00 3.52-06 3.46-06 3.21-06 1.41-06 3.E5-lu 0.00 0.0U 0.00 U.U0 0.00 0.00

5b121 0.nu 4.56+ou 4.50+00 4.50+0u 4.50.00 4.50.6-Liu 4.50+Liu 4 . f- u+1.10 4.50+00 9.S0+00 4.50+00 4.50+00

5N122 0.10 5.N4+00 5.04+C.og 5.04.1.00 5.u4+n0 5.0+0u b.04+00 5.044un 5.04+00 5.04+00 5.04+00 5.04+00

TE122 0 • 00 3. 0-01 3.00-01 3.00-01 3.0e-01 3.06-01 3.0d-01 3.00-01 3.06-01 3.08-01 3.08-01 3.0S-01

511123M j.90 5.56-02 7.33-n3 4.93-11 N.00 U.C,U 0.00 0.uu 0.00 0.110 U.00 0.00

5123 0.00 5.41+OU 5.46+0, 5.46+00 5.46+00 5.46..uu 5.46+u1i 5.46+00 5.46+00 5.46+On 5.46+00 5.46+0°

TL123N 0.UU 2.77-05 3.16-06 1.11-14 L.U0 0.00 N.00 o.uu C.00 0.00 0.00 0.00

TE123 U.uu 4.32-U4 4.56-n9 4034-04 4.54-04 44.59_ u4 4.59-u4 4.g,9-04 4.59-04 4.59-G4 4.59-04 4.59-04

514124 0.00 7.51+0U 7.51+N0 7.51+00 7.51+00 7.51+1.0 7.51+00 7.51 .0.0() 7.51+00 7.51+00 7.51+00 7.51+00

Sb124 0.1.0 4.06-03 7.1n-N5 2.32-21 0.00 0.00 0.00 0.uu 0.00 O.UO 0.00 0.00

TL124 0.JU 1.69-01 1.7'1-01 1.74_01 1.74-01 1.74-ul 1.74-01 1.74-01 1.74-01 1.74-01

y- 1K125 O.00 7.54+00 5.1:3+00 5.79-01 5.36-11 0.00 O.U0 o.uu 0.00 0.00 0.00 0.0o

TE1250 i.J0 1.74-01 1.42-01 1.41-02 1.31-12 0.00 '6.00 U.uu 0.00 0.00 0.00 0.uo --

TL125 0.0G 3.55+00 5.29+00 1.07+01 1.13+01 1.13+01 1.13+01 1.1J+01 1.1 3+01 1.13+1J l 1.1 3+01 1.13401

ch126 0.00 1.42+01 1.92+01 1.92+01 1.92+01 1.91+01 1.80+01 9.62+06 1.88-02 1.54-24 u.00 0.00

501264 0.00 6.95-09 6.95-09 6.95-09 6.45-09 6.90-09 6.49-09 3.48-u9 6.80-12 o.uo 0.00 0.0o

5r,126 0.00 6.69-06 6.52-06 6.52-16 6.52-06 6.47-1/6 6.06-06 3.26-u6 6.36-09 o.uo 0.00 0.uo

TE126 0.JU 4.40-02 4.49-02 4.t1-02 5.81-02 1.712-01 1.33+00 9.66+uu 1.93+01 1.93+01 1.93+01 1.93+01

TE127N 0.00 6.51-01 6.39-02 5.36-11 U.UU U.UO o.ou O.LIU LI.U0 0.00 0.00 0.00

TE127 0.u0 2.31-U3 2.27-04 1.90-13 0.0U o.uc u.nu ci.ou 0.00 0.00 0.00 0.00

1127 0.00 3.44+01 9.00+01 4.0+01 4.01+61 4.t114u1 4.01401 4.u1+01 4.01+01 4.01+01 4.01+01 4.01+01

TE128 0.00 1.34+02 1.34+02 1.39+02 1.34+02 1.34+02 1.34+02 1.34+u2 1.34+02 1.34+02 1.34+02 1.34+,02

KE128 0.JU 3.U1+00 3.01+00 3.01+00 3.01+00 3.01+00 3.01+00 3.u1 4- UU 3.01+00 3.01+00 3.01+00 3.O1+OU

F1129m u.uU 2.21-01 1.29-04 1.03-33 0.00 0.00 L.00 0.00 0.0U 0.00 0.00 0.00

TE129

1129

0.0U

0.0u

1.44-04

2.29+02

1.1 7-07

2.30+02

9.30-37

'7.30+02

0.00
2.30+02

0.00

2.311+02

0.00

2.30+02

0.uu

2.29+02

0.00 ,

2.21+02

0.00

1.53+02

0.00

3.90+00

0.00
4.54-16

(1129 0.00 9.06-02 9.06-02 9.07-02 9.15-02 1.00-01 1.84-01 1.03+00 9.274nu 7.70+01 2.26+02 2.30+02

rE13u 4.25+02 9.25+02 4.25+02 4.25+02 4.25+02 4.25+02 4.2S+02 4.25+02 4.25+02 4.25+02 4.25+02

KEl30 0.uu 1.06+01 1.06+01 1.06+01 1.06+01 1.06+01 1.06+01 1.06+ul 1.06+01 1.06+01 1.06+01 1.06+01

(L131 0.ou 4.41+02 4.41+02 4.41+02 4.41+02 4.41+02 4.41+02 4.41+02 4.41+02 4.41+07 4.41+02 4.41+02



MEFERENEE PWIi 3.3 PERCENT ENRICHE0 Y PRORERT1E5 AFTER SEPARATION

p04ER

AE132
CS133
XE134

CS134

BA134
CSI35

BiA135

XEI36
BA136

CS137

BA 137M
8A137

BA1 38

LA139

LA140

CE140
CE141

PR14 1
CE142

NO142

PR143

ND143
CE144

PR144
N0144

N0195
N0146

PM147
5m147

NO148
PM14814

pM148
SM148

5M149
NDI50

SM150

SM151
EU151

SM152

30.00 MA, BURNUP = 33000.M4D, FLUX= 2.92+13N/CM..2,SEC

CHARGE

0.00
0.00

0.00

0.00
0,00,

0.00

0.00

0.30
0.00

0.00
0.00

0.00

0.00

0.00
0.00
0.00

u.ou
p.uo

p.ou
0.cm

0.00
0.00

0.00

0.00

0.00
0.00

0.0u
0.00

0.110
0.00

0.00
0.00

0,00
0.00

0.00
0.00
0.00

0.00

0.00
0.00

5EFARATON

1.15+03

1.01+03
1.54+03
1.65+02

9.36+01_
3.24+02

3.54-02

2.31+03

2.50+01
1.23+03
1.85-04

5.49+01

1.22+03

1.27+03
5.92-03

8.91-U4

1.31+03
1.97+00

1.20+03
1.17+03

2.08+01

1.u2-02

8.05+02
2.41+02

1.02-02

1.10+03

6.97+02
7.u2+02
1.06+02
6.38+01

3.73+02

1.10-02

1.95-04

2.45+02
6.23+00
1.77+02

3.19+02

4.21+01
1.92-01

9.11+01

NUCLIDE CONCENTRAT10NS. GkAMS

BASIS = MT OF U CHARGED TO REACTOR

1.0+00 YR 1.0+01 YR

1.15+03 1.15+03

1.01+03 1.01+03

1.54'003 1.54+03

1.18+02 5.61+00

1.41+02 2.63+02_ 
3.24+02 3.24+02

3.55-02 3.61-02

2.31+03 2.31+03

2.50+01 2.50+01

1.20+03 9.74+02
1.81-04 1.47-04

8.29+01 3.08+02

1.22+03 1.22+03

1.27+03 1.27+03

1.53-11 0.00

2.30-12 0.00

1.31+03 1.31+03

7.99-04 2.33-34

1.20+03 1.20+03
1.17+03 1.17+03

2.08+01 2.08+01

9.64-11 0.,10
8.05+02 8.05+02

9.90+01 3.25-02

4.19-03 1.38-06

1.24+03 1.34+03

6.97+02 6.97+02

7.02+02 7.02+02

8.10+01 7.49+00
8.83+01 1.62+02

3.73+02 3.73+02

4.57-05 1.27-28

4.72-07 1.31-30

2.45+02 2.45+02

6.23+00 6.23+00

1.77+02 1.77+02

3.19+02 3.19+02

4.17+01 3.139+01

5.26-01 3.41+00

9.12+01 9.12+01

1.0+02 YR

1.15+03

1.01+03
1.54+03
3.43-13

2.58+02

3.24+02

4.29-02

2.31+03

2.50+01
1.22+02
1.84.05

1.16+03
1.22+03

1.27+03
0.00

0.00

1.31+03
0.00

1.20+03
1.17+03
2.08+01

0.00

8.05+02
4.75-37

0.00
1.34+03

6.97+02
7.02+02

3.44-10
1.69+02

3.73+02

0.00

0.00
2.45+02

6.23+00

i.77+02

3.19+02

1.90+01
2.33+01

9.12+01

1.0+03 YR 1.u+04 YR

1.15+03 1.15+03

1.01+03 1.01+03

1.54+03 1.54+03

0.00 U.00
2.58+02 2.58+02
3.24+02 3.23+02

1.10-01 7.83-01

2.31+03 2.31+03

2.50+01 2.50+01

1.14-07 0.00
1.72-14 0.00

1.28+03 1.28+03

1.22+03 1.22+03

1.27+03 1.27+03

0.00 0.00

0.00 0.00

1.31+03 1.31+03

0.00 0.00

1.20+03 1.20+03
1.17+03 1.17+03

2.08+01 2.08+01

0.00 0.00

8.05+02 b.05+02

0.00 0.00

0.00 0.00

1.34+03 1.34+03

6.97+02 6.97+02

7.02+02 7.02+U2

0.00 0.00
1.69+02 1.69+02

3.73+02 3.73+u2

0.00 U.00

0.00 0.00

2.45+02 2.45+02

6.23+00 6.23+00

1.77+02 1.77+02

3.19+02 3.19+02

1.46-02 1.07-33
4.23+01 4.23+01

9.12+01 9.12+01

1.0+05 YR 1.0+06 YR 1.0+07

1.15+03 1.15+03

1.01+03 1.01+03
1.54+03 1.59+03

0.00 0.00
2.58+02 2.58+02

3.17+02 2.57+02

7.43+00 6.68+01

2.31+03 2.31+03

2.50+01 2.50+01

0.00 0.00
0.00 0.00

1.28+03 1.28+03

1.22+03 1.22+03

1.27+u3 1.27+03

0.00 0.00
0.00 0.00

1.31+03 1.31+03
O.UO 0.00

1.20+03 1.20+03
1.17+03 1.17+03

2.08+01 2.08+01

0.uu 0.0u

8.05+02 8.05+02

0.0U 0.00

0.00 0.00
1.34+03 1.34+03

6.97+02 6.97+02
7.02+02 7.02+02

0.00 0.00
1.69+02 1.69+02

3.73+02 3.73+02

0.00 0.00

0.00 0.00

2.45+02 2.45+02

6.23+00 6.23+00

1.77+02 1.77+02

3.19+02 3.19+02

0.00 0.0U

4.23+01 4.23+01

9.12+01 9.12+01

1.15+03

1.01+03
1.54+03

0.00

2.58+02

3.22+01
2.92+02
2.31+03
2.50+01
0.00
0.00

1.28+03

1.22+03
1.27+03

0.00

0.00

1.31+03
0.00

1.20+03
1.17+03

2.u8*01

0.00

8.05+02
0.00

0.00
1.34+03

6.97+02
7.02+02
0.00
1.69+02

3.73+02
0.00
0.00

2.45+02
6.23+00
1.77+02

3.19+02
0.00
4.23+01

9.12+01

YF 1.0+08 YR 1
1.15+03

1.01+03
1.54+03

0.00
2.58+02

3.01-08

3.24+02
2.31+03

2.50+01
u.cio
o.00

1.28+03

1.22+03
1.27+03

u.00
c).013

1.31+0
0.00

1.20+03
1.17+03
2.08+01

0.00

8.05+02

0.00
0.00

1.34+03

6.97+02
7.02+02

0.00
1.69+02

3.73+02

0.00
0.00
2.45+02

6.23+00
1.77+02

3.19+02
(.1.00

4.23.01
9.12+01

.0+09 YR

1.15+03

1.01+03

1.59+03

0.00

2.58+02

0.00
3.24+02

2.31+03

2.50+01

0.00
0.00

1.28+03
1.22+03
1.27+03

0.00
0.00

1.31+03
0.00

1.20+03
1.17+03

2.08+01

0.00
8.05+02

0.00

0.00
1.34+03

6.97+02
7.02+02

0.00
1.69+02

3.73+02

0.00

0.00
2.45+02
6.23+00

1.77+02

3.19+02

0.00

4.23+01

9.12+01



REFERENCE 3.3 PERCENT ENRICHED U PROPEriTIES AFTER SEPAkATIOJ

= 30.00 OUPAUP = 3300o.mwu, FLUX= 2.92+1311/co.si-sEc

NUCLIDE CONCENTRA -11014S. GRA.-15

BASIS = MT OE 0 CHARGED Tu REACTOR

CHAifGE sEPARAI/ON 1.0+OU YR 1.0+01 yR 1.0+02 YR 1.0+113 YR 1.0+09 YE! 1.0+05 Y? 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09 YR
EUI52 U.00 S.au-02 5.94-02 3.26-02 1.60-09 4.82-27 u.OU 0.00 1.1.00 0.00 0.00 0.00
G0152 doWO 1.44_ul 1.45-41 1.51-01 1.60-01 1.60-01 1.60-01 1.6u-ul 1.60-ol 1.611-0 l 1.60-01 1.60-01

EUI53 qouli 1.28+32 1.28+02 1.28+02 1.28+02 1.29+02 1.20+02 1.26+O2 1.28+,92 1.28+02 1.28+02 1.28+02

GDI53 6.32-u3 2.22-03 1.81-07 0.0u U.U0 0..00 LI.UU U.OU 0.00 0.0U 0.00
SM154 3.69+31 3.69+31 3.69+01 3.69+01 3.69+,11 3.A9+01 3.69+u1 3.69+01 3.69+01

3.69+01 3.69+01
EuI54 0..00 4.66+91 4.96+01 3.L2+01 6.1 2-01 7.21-16 O.U0 04,611 il.00 1.1.u0 1..00 0.00
GDI54 2.53+00 9.50+J0 1.49+01 4.95+01 9.91+01 9.91+01 4.91+01 4.91+01 4.91+u1 4.91+01 4.91+01
Eu155 0.G0 4.96+uo 3.36+ui 1.0['$-01 1.17-16 U.Ut G.00 0.uo u.ou 0.00 0.00 0.00
GD155 dodU 9.15-UI 2.49+40 5.76+0D 5.87+00 s.67+Uj ,j.07+60 5.87+ilu 5.87+0o 5.87+On 5.87+00 5.87+0O
EU156 3.93-03 1.89-10 0.03 O.UD 0.00 0.00 OsUU 0.00 CloLID 0.00 0.00
GD156 U.jd ;;.36+01 4.36+0 4.36+01 9.36+01 Ele36+01 0.36+01 8 • 36+o 1 A • 36+0 1 8 • 36+a 1 6.36+111 8.36+U1
G0157 4.15-02 4.1-02 9.15-12 9.15-02 4.15-U2 4.15-02 4.15-02 4.15-02 4.15-02 4.15-02

Gul58 11•00 1.34+01 1.34+41 1.39+01 1.34+31 1.34+01 1.39+01 1.34+01 1.34+01 1.34+01 1.34+01 1.34+01
T5I59 A.DU I .7j+uo 1.78+0J 1.78+0G 1.70+00 1.78*Lft, I.78+u0 1.78+0r 1.7d+0U 1.78+ob 1.78+00 I.78+uu
GD160 O•ini 5.51-uI 7.51-91 9.51-31 9.51-01 9.51-U1 5.51-01 9.51-u1 9.51-01 9.51-01 9.51-01 9.51-01
TP160 ledd 1.01-04 1.52-17 j • f) 0.0o 4.00 O.UJ U.UU 0foU0 uo0C1 0.00
DY160 9.0;JU .”9..01 4.15-01 4.16-01 4.16-01 4.16-D1 4.16-01 4.16-01 4.16-01 4.16_,11 4.16-01 4.16-01

DY16 1 i.cd0 2.31-ul '2.31-41 2.31-01 2.31-01 2.31-ul 31-01 2.31-01 2.31-01 2•31-01 2.31-01 2.31-01

6DI62 0.00 7.23-02 J.62-10 7.08-35 :3.79-32 0.0D 0.00 0.30 0.00 0.00 0.00 0.00
T4162m 06111 1.0-06 5.16-07 1.01-09 8.26-37 0.01, ¶1.(10 0.00 0.00 0.00 0.00 0.00

DYI62 114.00 1.62-01 2.1 0-01 2.54-0 2.54-01 2.54-01 2.54-01 2.54-ul 2.54-01 2.59-01 2.59-01 2.54.01

01'163 '10.1U 1.6/-01 1.67-01 1.67-01 1.67-01 1.67-0 1.67-01 1.67-01 1.67-01 1.67-01 1.67-UI 1.67-01

uyi64 A.jd 5.39-02 ;.39-07 5.39-12 5.39-02 5•39U2 3.39-L12 5.39-02 5.39-02 5.39-02 5.39-02 5.39-02
H0165 0.AU 5.29-02 8.29-02 8.29-32 8.29-02 8.29-u2 8.29-02 0.29-02 8.29-U2 8.29-02 8.29-02

H01660 4.1b..OS 4.15-05 4.13-45 3.92-05 2.33-05 1.29-07 3.95-30 u.uu 0.110 U.00 0.00

ER166 0411JU 2.28-J2 2.23-12 2.2a-02 2.28-02 2.2E-02 2.28-D2 2.28-02 2.28-02 2.28-t)2 2.28-02 2.28-02

ERI67 04100 y .07 -03 4.07-03 A.07-03 9.07-03 4.07-03 4.07-03 4.u7-03 4.07-03 4.07-03 4.07-03 4.07-03

SU3TOT 0.J0 3.49+04 3.49+,14 3.9i+09 3.49+04 3.49+04 3049+1)4 3.99+09 3.99+04 3.49+04 3.49+04 3.49+09

TU1AL OsOU 3.49+04 3• 4 9 +•iLi 3.49+04 3.49+04 3.49+04 3.49+04 3.49+U9 3.49+04 3.49+09 3.49+u4 3.49+04



M.
SE
KR

RB

Rs
SR

SR

Y

ZR

N8

REFERENCE PAR 313 PERCEdT ENRICHED .q PRDPEHT1E5 AFTER

POWER = 30.130 MW. 8URNUP 33000.MAD. FLUX= 2.92+13N/CM..2-SEC

3
79
65

86
87

89

9u
90
91
93

93M

ZR 95

N8 95M

NE 95

TC 99
R0103

RH1U3M
R0106
RH106

PD107

AG109m

CD109

AGI100
AG110
CD113H

1N114m

1N114

C01151

SNII9M
SN12Im
SNI23m

TE123m

58124

5E125
TE1254

5N126
513126m

58126
TE127m

TEI27

CHARGE

U000
0.00

0•00

0.00

0.00
0.00

0.00

0.00

0.00

0.00

U.UU

U.00

do013
U.00

0100

0.00

U.00
0.00

U.130
0.00

0.00

0.00
0.00

0.1,0

U.OU

0.00

0.00

0.00

O.OU

0.00

0.00

U.u0
6.00

0.0U

U.00
0.00

0.00

0.00
0.00

0.00

SEPARAT1UN

6.92+02
3.98-01

1.11+04

1.90+00
1.96-05
9.72+04

7.68+04

7.69+04
1.61+05

1.1.9+00

101-01
2.77+05
5.88+03

5.20+05

1.43+01
8.83+04

8.83+04

4.10+05
4.10+05

1.10-01

3.41-06

3.4I-U6
2.61+02

3.40+01
4.49-02
1.65-05

1.59-05

4.48+01

1.08+01
1.37..04

4.72+02

2.51-01

8.53+01
7.99+03

3.22+03

5.46.-01

5.46-01

5.55-01
6.15+03

6.08+03

1.0+0o YR
6.54+02
3.98-01
1.34+as

2.51.06

1,96+06
7.48+02

7.50+34

7.50+04

2.18+03

1.89+00

2.65-01
5.65+33

1.20+02

1.25+04

1.43+01
1.48+02
1,48+02

2.06+05
2.06+05

1.10-01
1.95-06

1.95-06

9.61+01

1.25+01

4.27.02

1.04.07

1.01-07
1.25-01

3.93+00
1.35-04

6.23+01

2.89-02
1.26+00

6.113+03

2.56+03

5.46..01

5.46-01

5.41-.01
6.03+02
5.96+02

NUCLIDE RADIOACTIVITY, CURIES
BASIS m MT OF U CHARGED TO REACTOR

1.0+01 YR

3.94+02
3.98..01

5.83+03

0.00
1.96-05

7.05-17

6.01+04
6.01+04

3.26.14

1.89+uo
8,62..01

3.40-12
7.21.14
7.37-12

1.43+01
1.54..23

1.54-23

4.15+02
4.15+02

1.10-01
1.28-.06

1.28-08

1.18-02
1.54-03

2.73-02

0.13U

0.00
1.22.24

4.34-04

1.25-04
7.58-07

1.01-10
4.08.-17

6.14+02

2.54+02

5.46-01

5.46-01

5.41.01
5.06-07

5.0U-07

1.0.02 YR
2.47+00
3.98-01
1.81+01

0.00
1.96..05

0.00
6.53+03

6.53+03

0.00
1.89+00

1188+OU
0.00

0.00

0.0U
1.43+01

01 UU

0.00
4.56-25
4.58-25

1.10-01

(3100

11.00
U.00

0.00
3.18-04

0.011

U.00
0.00

0.00
5.49-05

0.00
0.00

0.0U

5.70-08

2.36-08

5.46-01

5.46-01

5.40-01
U.OU

0.00

I.L1+0 YR 1.0+04 YR 1.0+05 YR
2.35-22 0.00 0.00
3.94-01 3.58-01 1.37-01
1.50-24 0.00 0.00
0.00 U.00 0.00
1.96-05 1.96-05 1.96-05

0.00 0.00 0.0U
1.50-U6 0.00 0.00
1.50-06 0.00 0.00
0.00 0.00 0.00

11894'00 1.88+00 1.80+00
1.89+00 1.88+00 1.80+00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.60

1.43+01 1.39+o1 1.03+01
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
U.00 0.00 0.00
1.10-01 1.10-01 1.09-01
0.00 0.00 0.00

0.00 U.00 0.00
0.00 U.130 0000
0.00 0.00 0.00
1.43.23 0.00 0.00
0.00 U.U0 0.00

0.00 0.00 0.00
0.00 0.00 0.00
0.130 0.00 0.00

1.513-08 u.oci o.uu
0.1A) 0.00 ci.ou
0.00 (1.00 0.00
0.00 u.ou 0.00

0.00 0.00 0.00
0.00 0.00 0.00

5.42.01 5.10-01 2.73-01

5.42-01 5.10-01 2.73.01

5.37-01 5.05-01 2.7U-01

0.00 0.00 0.00
0.00 0.00 0.00

1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09 YR

0.00 0.00 0.00 0.00

9.34-06 0.00 0.00 0.00

U.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00
1.96-05 1.96-05 1.96-05 1.94..05

0.00 0.00 0.00 0.00

0.0U 0.00 U.00 0.00

0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

1.19+00 1.86-02 1.63.20 0.00

1.19+00 1.86-02 1.63..20 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

U.00 0.U0 0.00 0.00

5.46-01 9.12-14 11.00 0.00

0.00 U.U0 0.00 0.00

0.00 U.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00
9.99-02 4.10-02 5.54..06 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

U.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

U.00 0.00 U.00 0.00

0.00 0.00 0.00 0.00

0.00 U.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 U.00 0.00

0.00 O.U0 0.00 0.00

U.00 0.00 11.00 0.00

0.00 0.00 0.00 0.00

U.00 O.U0 0.00 0.00

5.34.04 0.00 0.00 0.00

5.34-04 0.U0 0.00 0.00

5.29-04 0.00 0.00 0.00

U.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00



C0Akkit. SEPARATior, 1.0+00 YR

BASIS

I.J+61 Y1x

= 0T OF

.j+02 YH

U CHARuED

1.0+u3 YR

TEI 29H 0.00 6.57+03 3.144+01 0.170 LI•ou 0.0u
TEI29 0.00 4.21+03 2.46+00 0.00 u•00 U.UC

1129 0.00 3.74-02 3.75-02 3.2`)-U2 3.75-02 3.75-02

XL13Im 0.00 1.3I+il 6.43-09 9.03 0•00

CSI34 U.00 2.15+05 I.S3+05 7.30+03 4.47-10 OeUb

5I3S O.U0 2.H6-01 7.66-;)1 2.86-01 2.86-UI

CSI36 0.,JU 2.0S+01 7.16-98 0•00 D•OU
C5137 0.0u 1.ril+uS 1.04+05 q.48+04 I•06+14 9.9i-Uh

•A137A Y.99+94 .,.78+94 7.93+04 9.91+03 9.27-06

BAI40 u.uU 4.31+02 1.11-96 0.00 0•U9 0.0b

LAPIO 4.96+02 1.28-06 o.on 0.0U 0.00

CEI 4 1 0.00 5.64+04 2.29+01 1.0q 0•0L, 0.0r
•RI43 0.1)0 6.79+0i 6.43-06 u.u0 0•00
E144 7.71+uS 3.16+05 1.04-02 li•00 o.ou

PR144 n.u0 7.7I+us 3.16+05 1.04+02 U•00 c.u1
Nu;147 u.uu 5.u4+01 6.29-09 0.611 0•OU u.LP

PM147 u.uu 9041)+04 7.52+04 6.96+03 3.19-07 o.ou

pm14Eh u.ru 9.6J-01 2.67-24 6.0i 0.uo
•mI4j u.:Jo 3.1'1+01 7.71-02 2.1S-25 0.00 0.00
Sml`11 o.uo 1.15+03 1.1 4+03 1.06+03 5.17+02 3.9-u1
0152 0.u0 1.14+01 1.07+01 6.3S+OU 3.53-02 9.45-25

U1S3 J.00 2.23+01 7.63+00 6.39-C4 u•uo

EU154 0.00 6.70+u3 6.47+03 4.38+03 8.8+01

u1S5 0.6U 6.32+03 4.31+,0 1.37+02 1.49-13 0.00
01S6 0.00 2.19+02 I.C3-05 0.00 0.0U O.Uts

TP,160 0.0 3.(,3+02 9.07+00 1.72-13 L•00 0.00
0162 0.00 1.69+02 7.96+01 1.56-01 0.11U O.UU,

TfA62m 0.0J 1.60+02 7.96+01 I.S6-01 0•OU U.OU

Hu166A 0.00 7.45-05 7.45-05 2.41-0S 7.03-95

506TOT 0.00 4.39+0S 1.66+06 3.12+35 3.42+04 2.19+ul

TOTAL O.U0 4.39+06 1.68+06 3.12+:75 3.42+04 2.09+01

REFERENCE Plh 3.3 IDEr,CENT EAKICHE0 U .,ROPEhTIES AFTER 5E1- AhATI0N

.30.13L = FLUX. 2.92+13N/Choo2-SEC

N0CLI0E RADIOACTIVITY. CURIES

To REACTOR

1.0+04 Yr 1.0+JS YU 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09 YR

0.000000 O0OU0000

0.0U U.00 

0.00

0.000.00

3.74-.02 a02 2.49-02 6.36-04 7,41203.g-02

0.0U

= 

U.00 0.00

0.00 
041,UU

0.00
-02 

0.00

2.50-UI 2.27 01 

0.00
2.85+1..11 01.00

0.0ii 0.0U 0.00
0.00 .1.111110) 

2.66-11 

0.000.00

0.00 0.00O.UU

0.00P.00 

EILI30

0.110 

U.00

0.000.00

0.00 
u.00

O.U00.00

tj(:.;;

0.0U ((j).1%

= ))...n 

0.000.00

0.000.00 0.00 

0.00

J.00 o.uU u.ou

íJ.0u 0.uu 

u.uu

t(),..(01 

0....0i

(;.un

(1.00 

t1212(1))

u.o0 

0.60

0.0u

0.00 

0.00

u.ou 

u.uu

u.oU 0.00 

0.00

= 

0.uu

o.ou o.ou u.00

0000 

0.00

1= 

04100

04.00 

1()...
= (0j:g

0.00

00

11.00 3.3.oil 0.000.00

(..00 0.0U

0.uu 

0.01) U.00

0.u0 0.00 

0.00

Liiiull....0(:)000U 

04.00

0.00

0.0j

(:L3!4.00 a0q

I 1 . 0t) 0.00 

0.00

0.00 

0.00

U.OU 0.000 

0.00

0.UL 00U0 170".113

Z.31-07 0.11U 0000
. 2-.011.99+,31 1.5:3+01 

0.00

1.94-05
0.00

(i.12-011.99+01 1.53+01 6.61_04 1.94..1153.29+00



REFERENCL PWR 3,3 PERCENT ENRICHE0 U PR0PEF1.M5 M-TER 51D ATION

POWER a 30.00 m6. OuR4UP 330000Md0, FLUX,' 2072+13N/CM.1.2-5EC

CHARGE
H 3 0.00

SE 79 0.00
KR 85 0.00
RB 86 0.00
RB 87 U.00
SR 89 0.00
5k 90 0.06
Y 90 0.u0
y 91 0.00

ZR 93 0.00

NB 93M 0.00

ZR 95 0.00
Na 95M 0.00
N8 95 0.00
TC 99 0.00
RU1U3 0.00

RH103M 0.00

RU1U6 U.00
RH106 0.00
PD1U7 0.00

AG1G9M 0.00
CD109 U.00

AG1100 0.00
AG110 0.00

CD113M 0.00
IN114M 0.00
1N114 0.00
CD115M 0.00
5N119M 0•00

SN121m 0.00
51023m 0.00

TEI23M 0.00
5E1124 0.00
5B125 0.00

TE125M 0.0U
SN126 o.uo

58126M 0.00
SB126 0.00

TE127m 0.00
TE127 0.0U

SEPARATION
2.46..02

1.51..04
1.80+01
8.96-03
1.28-06

3.50+02
1.01+02
4.53+02
6.14+02
2.24-04

3.21-0b
1.45+03
8.20+0u
2.50+03
9.69-03
2.91+02
11.19+01
2.43+01
4.31+03

9.15-06
3.55-09
3.39-09

4.42+00

2.47-01
5.93-05
1.78-08

7.49-08
1.64-01

104..02
1.73-07

1.67+00

7.38-04
1.17+00
3.24+01

5.53+0u
5.139-04

3.69-03
7.22-03
3.39+00

9.80+00

1.0+00 YR
2.33-02

1.51-04
1.69+01

1.19-08

1,2.8708
2.69+00
9.82+01
4.41+02

8.29+00
2.24-04
4.72-05
2.95+01
1.67-01

6.01+01

9.69-U3
4.88-01

7.02-02
1.22+01
2.16+03

9.15-06

2.03-09
1.94_09

1.62+00

9.07-.02
5.64..05

1.13.10
4.74-10

4.56-04

4.15-03
1.72-07

2.21-01
6.48-05
1.73-02
2.51+01

4.40+00
5.89-04

3.69..03

7.04-03
3.32.01

9.61-01

NUCLIDE THERMAL POWER, wATT5
BASIS Is MT OF U CHARGED TO REACTOR

1.0+01 YR 1.0+02 YR 1.0+03 YR 1.0.04 YR 1.0+05 YR 1
1.40-02 8.80-05 8.37_27 0.00 0.1.11i
1.51..04 1.51-04 1.50-04 1.36-04 5.21-05
9.47+00 2.94-02 2.44-27 0.U0 0.00
0.00 0.00 U.UL 0.00 0.0U

t'28708 1.28-08 1.28-06 1.28-U8 1.28-08

2.54.-19 0.00 0.00 U.00 0.00

7.87+01 8.55+00 1.96-09 0.00 0.00
3.54+02 3.84+01 B.81-U9 0.00 0.00
1.24-16 U.00 0.00 0.00 0.00
2.24.-04 2.24..04 2.24-U4 2.23-04 2.14-04
1.53-04 3.34-04 3.35-04 3.34_04 3.20-04

1.78-14 0.00 0.00 0.00 0.011
1.00-16 0.00 0.00 0.00 0.UU

3.55.-1 4 0.00 0.00 0.00 0.00
9.69-03 9.6d-03 9.66-U3 9.38_03 6.99-03
5.07-26 0.00 0.00 0.00 0.00
7.30-27 0.00 0.00 0.00 0.0U
2.46.-02 0.00 0.00 0.00 0.0U
4.36+00 4.81-27 0.06 0.00 0.0O
9.15-06 9.15-06 9.15-U6 9.15-06 9.06..06

1.33-11 0.00 0.00 0.00 0.01.1
1.27-11 0.0U 0.00 0.00 0.00
2.00..04 0.00 0.00 0.00 0.G0

1•11-05 0.0U U.U0 0.00 0.00
3.61-05 4.20-07 1.69-26 0.00 0.00
0.00 0.00 0.00 U.00 0.00

0.00 0.00 0.00 0.00 0.00
4.48-27 0.00 0.00 0.00 0.00
4.58..07 0.00 0.00 0.00 0.00
1.58-07 6'4,97-08 1.90..11 0.00 0.00
2.68-09 0.00 0.00 0.U0 0.00

2.97-.13 0.00 0.00 0.00 0.00
5.60-19 U.00 0.00 0.00 0.00
2.49+00 2.31-10 0.130 0.00 0.00
4.47..01 4.Q6-11 0.00 0.00 0.00
5.89-04 5.89-04 5.85-04 5.50-04 2.95-04

3.69-03 3.69-03 3.67-03 3.45-03 1.85-03

7.04-03 7.03-03 6.99-03 6.56-03 3.52-03

2.79-10 0.00 0.00 0.00 0.00
8.06-10 0.00 0.00 U.00 0.00

.0+06 YR

0.00
3.54.-09
0.00
0.00
1.2808

U.00

0.00
0.00
0.00
1.41-04
2.11-04

0.00
0.00

0.00
3.69..04

0.00
0.00

U.UU
0.00
8.29-06

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

U.00
0.00

0.00
0.00
5.76.07

3.61-06
6.88-06

0.00
0.00

1.0+07 YR
0.00

0.00
0.00
0.00
1.28-06

0.00
0.00
0.00

0.00
2.20-06

3.31-06

0.00
0.00
0.00

6.16-17
0.00
0.00

0.00
0.00
3.40..06
0.00
0.00
0.110
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00

1.0+08 YR
0.00
0.00
0.00
0.00
1.28..08

0.00

U.00
0.00
0000
1.93..24
2.89..24

0.00
0.00

0.00

0.00
0.00

0.00
0.00
0.00
4.59 10
0.00

0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00
U.00
U.00
0.00
G.00

0.00
0.00
0.00

0.00
0.00

0.00
0.00

1,0+0 YR
0000
01.00
0.00
0.00
1.26-08

0.00

0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00

0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00



hEFEHLNCL Pl.,01 3.3 PERCENT E0H1C HE0 u PROPE811ES AFTrk SEPARATiOL

POKEti = 30.00 lb,. BUt1;10V = 330uo.oap, FLUX= 2.92+130/CM*4.2-5EC

NUCLIDE THERMAL POV,ER• ,ATTs

9A515 = HT OF u ChAllbE0 Tu REACTOR

TEI29m

TEI29

1129

XE13111

C5I34

cs135

cS/36

CS137

BA137m

BAI 40

LA140

CEI41

PR143

CE144

PR144

'40147

P/.i147

PM148m
PH146

Sr151
EU1S2

G0153

EU154

ku155

EUIS6

TPI60
Go162

TB162m

HUI66H

50BTOT

TUTAL

CHAP'.C:E

U.00

0.6U

0.00

• U0
0.00

J.00

n.uu

0.u0

u.ou

u.o0

u.uu

0.00

0.00

0.00

n.00

0.00

0.00

0.00

0.00

J.U0

u.u0

0.00

3.01.1

0.00

0.60

0.00

.J.00

0.0U

0.00

0.00

SkPARATION

1.31+01

1.53+01
2.46_05

2.5'3-02

2.27+03

1.39-04

2.81-01
1•75+u2

3.92+62

1.44+00

8.75+00

1.11+02

1.47+00

6.31+02
5.97+03

1.64-01

5.c5+Ul

4.93+00

2.5?-01

2.L0+00

2.04-01

3.21-02
S.S5+tji

L..32+00

2.1b+ou

2.lib+OU

5.43-01
2.1S+Ou

4.u1-07

1.99+04
1.99+04

1.c+c.0 YR

7.63-03

6.95-03
2.46-05

1.25-11
1.62+03
1.39-0y

S.R.3-10

1.71+02
3.83+122

3.72-09
2.26-08

4.50-02

2.59+112

2.453

2.0-11
3.86+01

1.19-U2

6.2S-04
I.98+un

1.92-01

1.13-62

5.31+:A
3.63+u0

1.02-07

7.70-G2
2.72-01

1.08+00

6.01-07

7.85+03
7.65+03

1.0+01 rl

O.U0

0.00
2.46-n5

0.0(1

7.74+01

1.39-U4

0.00

1.39+02
3.11+02

J.00

fl•Uf.l

ri.00

0.00
51j-02

8.04-01

0.00
3.59+00

3.31-26

1.74-27

1.84+06

1.14-01

9.?1-07

3.60+01

1.16-01

0.0U

1.46-15

5.31-04

2.11-03

7.97-07

1.02+03

1.H2+03

1.u+02 Yq
0.00

u.U6
2.46-05

0.00

4.74-12

1.39-04

0.00

1.73+01

3.90+01

0.00

0.00

0.00

0.0U

L•OU

U.OG

0.00

1.65-10

LI.UU

0.00

9.00-01

6.33-04

0.0U

7.29-C1

1.25-16

0.00

(J.0U

U.60

u.0U

7.56-07

1.05+02

1.05+02

1.0+03 TR

0.60

0.00

2.46-05

0.L0

0.00
1.39-04

1.62-uA

3.64_06

0.00
0.00

0.60

0.6L,

0.00

0.00

0.00

0.00

O.UU

0.00

6.93-u4

1.69-16

O.U6

6.St5-18

(1.00
C.00

0.00

0.06

O.U6

4.5C-07

2.25-02

2.25-62

1.0*U4 YR

0.00

2.46-uS

0.00

C.00
1.39 04

0.00

i.00

6.0J

0.00

0.00

0.11U

6.00

0.00
0.00

0.00

U.UU

c.00

0.00

u.00

u.uu

0.0u

f •Ou

u.ou

u.uU

6.00

f).00

2.49-09

2.06-02

2.03-02

1.0*uS Tk

OrUu

0.0L
2.45-0c,

0.00

0.06
1.36-04

0.00
0.00

0.00

0.60

0.0u

0.00

0.dU

0.0U

0.0u

n.uu

0.0u

u.uu

0.06

U.UU

0.60

0.00

0.00

0.00

0.00

0.00

0.60

0.00

1.34-02
1.34-02

1.0+06 YR

0.00

u.00
2.37-us

0.00

u.00

1.10-04

0.00

9.00

0.00

0.0U

0.06

0.00

0.0U

u.00

U.00

0.00

6.0U

0.00

0.UU

0.00

0.00

0.00

0.00

0.00

6.00

0.00

0.00

0.00

0.00
3.7,1.04

6.74-04

1.0+07 yq

0.00

0.00

1.64-05

0.00

U.00
1.38-05

0.00

0.0U

0.U0

0.00.

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

o.u0

u.uu

0.00

0.uu

0.00
0.uu

0.00

0.un

0.00

0.00

3.91-05

3.91-05

1.04.(18 YR

0.00

0.00

4.18_07

0.00

0.00
1.29_14

0.00

0.00

0.00

0.00

0.00

U.00

u.ou

0.00
0.0u

0.00

0.00

u.00

0.00

0.00

0.00

0.00

0.00

U.00

0.00

0.00

0.00

0.00

0.00

4.32-07

4.32-07

1.0+0 YR

0.00

0.U0

4.88-23

0.00

0.00
0.0(1

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.0n

0.00

0.00

0.00

0.u0

0.00

0.00

0.00

0.00

0.00

0.00

0.0n

0.00

0.00
1.26-08

1.26-08



RgfCNENCg PWR 363 PERCPAT P4R.ICME.0 U PRDPERTIES AFTER SEPARATION

POWER a 30.00 NH, BURNUP = 330000MWU e FL0Xm 2.92+13N/CM662,-.5(C

NUCLIDE INHALATION
BASIS a HT OF

HAZARD. P16•3 OF AIR AT RCG
U CHARGED TO REACTOR

CHARGE SEPARATION 1.0+00 YR 1.0+01 YR 1.0+02 YR 1.0+113 Yk 1.0+04 YR 1.0+05 Yk 1.0+06 YR 1.0+07 YR 100+08 YR 1.0+09 YR
H 3 O.UU 3046+09 3.27+U9 1097+09 1.24+07 1.18..15 0.00 0.00 0.00 0.00 0000 OeU0

SE 79 0.00 9.96+07 9.96+07 9.96+07 9.95+07 9.86+07 0.95+07 3.43+07 2.33+03 00(10 0.00 0.00
KR 85 0.00 3.69+10 3.46+10 1.94+10 6.C4+07 5.02.018 0000 DoUU 0000 00110 0000 0.00
RB 86 0.00 9049+06 1.26+03 0000 0000 0.00 000U 0.00 0.00 0000 0.00 0.00
RB 87 0.00 9.02+03 9.02+03 9.82+03 9.82+03 9.b2+03 9.82+03 9.82+03 9.82+03 9.82+03 9.81+03 9.69+03
5R 89 0000 3.24+14 2.49+12 2.35.-07 0.00 0.00 0.00 0.00 0000 0.00 0.00 0.00
SR 90 0.0U 2.56+15 2.50+15 2.00+15 2.18+14 4.99+04 0.00 0.60 0000 0.00 0.00 0.00
Y 90 O.UU 2.56+13 2.50+13 2.00+13 200+12 4099+02 0.00 000U 0.00 0000 0.00 (1.00
Y 91 0.00 1.61+14 2.10+12 3026.-05 0.00 0000 0.00 0.00 0.00 0.00 0.00 0.00

ZR 93 0.00 4.72+08 4.72+08 4.72+08 4.7Z+U8 4.71+UB 4.70+06 4.60+U6 2.97+08 4.65+06 4.07-12 0.00
NO 93M 0.00 4.51+07 6.63+07 2.15+08 4.69+08 4071+08 4070+U6 4.50+00 2.97+08 4.65+06 4.07-12 0.00
ZR 95 0.00 2.77+14 5.65+12 3.40•.03 0•00 C1•13U U• DO 0 • UU 0.00 0.00 0.00 0.00
NB 95M U.OU ..6.86+03 e.1.20+02 ..7.21.e14 0.00 0.0U 0000 0.00 0.00 0.00 0.00 0.00
NB 95 0.00 1.73+14 4.16+12 2.46-03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TC 99 0.00 7.17+09 7.17+09 7.17+09 7.17+09 7.14+09 6.94+09 5.17+09 2.73+08 4.56-U5 0.00 0.00
RU1U3 3.U0 2.94+13 4.93+10 5.13-15 u.ou 0.uo 0.00 0.OU U.OU 0.110 0.00 0.00
RH103M 0000 4.42+1U 7.40+07 7.70-18 0.00 0.00 0.00 O.UU 0.00 U.00 U.00 0.00
RU106 0.00 2.05+15 1.03+15 2.07+12 2.29-15 0.00 0.00 O.Uu 0.00 0.00 0.00 0.00
Rh106 U.U0 -4.1u+05 .2.06+u5 -4.15+ta -4.5b-26 0.00 u.00 0.00 Uo00 0000 0.00 0.00
PD107 0.00 5.52+05 5.52+05 5.52+0b 5.52+05 5.52+65 5.51+05 5.46+06 5.00+05 2.05+05 2.77+01 0.00
AGI09M U000 -304106 .01.95..4.16 ..1.28...08 U.00 0.00 0000 0000 U.00 0.00 0000 0.00
CD109 U.110 1.70+03 9.74+02 6.30+00 U.00 0.00 0.00 O.UU 0.00 0.00 0.00 0.00
AG110M 0000 8.71+11 3.20+11 3.94+07 0.00 U.Lb 0000 0.00 0.00 0.00 0.00 0.00
A6110 U.00 e.3.40+01 ..1.25+31 .1.54-03 0.00 0.00 0.00 0.00 0.00 0.00 U.00 0000
CDI13H 0.00 ..4.49..02 .-4.2702 -2.73-U2 ..3.18..04 .1.43-13 0.00 o.uo u.ou 0.00 0.00 0.00
IN114M 0.00 2.35+04 1.494.02 0.00 0.00 0.60 U.00 0.00 U.00 0.00 0.00 0.00
1N114 U000 -1.59-US -1.01-07 0.00 0.00 0e1)0 0.00 0.00 U.00 0000 0.00 0.00
CD115M 0.00 4.48+10 1.25+08 1.22-15 6.00 0.00 U.OU 0000 0.00 0.00 0.00 0.00
SNII7M 0.00 -2.89-05 ..4.0613 0.00 U.OU 0.00 U.OU 0.00 0000 0.00 0000 0.00
SN119M 0.00 -1.08+01 -3.93+00 -4.34-04 0.00 0006 U000 U.UU 0.00 0.00 U.00 0.00
SNIZIM 0eU0 -1.37...U4 ...1.35..04 ..1.25.-04 0.5.49-.05 ..1•50..U6 0.00 0.0U 0.00 0.00 0.00 0.00
SNI23M U000 .-4.72+02 .6•23+01 -7.58-07 0.00 0.0U 0.0U OeU0 0.00 0.00 U.00 0.00
TE123M u.00 -2.51-01 -2.89-02 -1.C1-10 0.00 0.0U o.clo o.ou 0.00 0.00 0.00 0.00
SB124 0.00 1,22+11 1.79+09 5.82-08 0.00 U.UU 0.00 0.00 U.00 0.00 0.00 0.00
58125 0*UU 8.8c1+12 6.87+12 6.82+11 6.33+01 0.0U 0.00 0.00 0.00 0.00 0.00 0.00
TEI25M 0.00 8.04+11 6.40+11 6.36+10 5.90+00 O.0U 0.00 0.00 0.00 0.110 0.00 0.00
SN126 U.OU 2.73+08 2.73+06 2.73+08 2.73+08 2.71+08 2.55+08 1.37+011 2.67+05 0.00 U.00 0.00
58126M U.00 -5.46-01 -5.46-01 -5.46-01 -5.46-01 -5.42-01 -5.10-01 -2.73-01 -5.34-04 0.00 0.00 0.00
56126 0.00 -5.55_01 -s.41-01 -5.41-01 -5.40-01 -5.37-U1 -5.05-01 -2.7U-01 -5.29-04 0.00 0.00 0.00
TEI27M 0.00 6.15+12 6.03+11 5.06+02 0.00 0.00 u.00 0.OU 0.00 0.00 0.00 0.00



REFE!iENCE PviR 3.3 PERCENT ENRICHED U PRUPFRTIES AFTER 5EFAHATION

POER = 311.00 riw, RURNuP = 33000.m40, FLUX= 2.92+13N/CM.4.2-5EC

NUCLIDE INHALATION
84515 = HT OF

HAZARD. M413 0F AIR AT RCG
U CHARGEO TU REACTOR

TE127

TE129N
TE129

1129
XE12911

1131

XE131N
CS134

C5135

C5136

C5137

8A1371
HA140

LA1 40
CE141

PR143
CE144

PR144

N0147
P0147

PM1981.1
RM148

SMI51

EU152
GD153

EUI54

E0155

EU1S6

Th160
Tb161

G0162

T162,1
HU166m

5UbTOT

TOTAL

CH4L'GE

0.00

0.00

0.00

U•00
0.00

0.00

0.11U

0.00

0.00
0,30
tj. 0

0.00

0.0O
0.1,3

U.L0

0.LIO

0.00
1,.00
Li•

LI.UU

0.00

0.UU
1).UU

0.00

0.00

0.00

0.0U

0.00

60U0
0.0u

u.JU
0.00

0.00

0.00

licHARATIOk

2.c3+11
6.57+12

4.21+10

1017+09
-2.64-05

1.19+11

3.28+07

5.36+14

9.54+07

3.41+09

2.14+14
.99+04

4.31+11

1.24+11

1.13+13

1.13+11
3.,,; 6+ 15

-7.71+05

6.30+09

4.90+13
-3.9H+02

-3.19+01
5.70+11

2.84+10

7.43+09

6.76+13

2.11+12

-2.19+02

3.1_3+11
-1.63-04

-1.6U+02

3.73+04

1.04+16

1.04+16

1.0+00 Yit

1.99+10

3.84+09

2.46+17

1.67+09
-5.16-19

2.62-03

1.61..02

3.83+14

9.54+j7

1.19+01

2.09+14
-9.76+,04

1.11+03

3.204-2
4.57+09

1.07+03
1.58+15

-3.16+0s

7.S7-01

3.76+13

-9.60-01

-1.71-J2
5.66+11

2.68+10

2.61+C9

6.47+13

1.44+12

-1.03-n5

9.07+09
-2.14-20

..7.9d+L1

-7.94+01
3.72+04
5.85+15

5.85+15

1.0+01 Yk

1.67+01

0.0U

0.00
1.07+09

0.00
0.0G

0.00
1.1,3+13

9.C4+01

0.00
1.7u+14

-7.93+:14

0.00

O.UU
0.0u

O•bu
b.19+11

-1.04+02

9.00
304P+12

-2.15-25

5.29+11
1.60+10

2.13+05

4.39+13

4.58+10
0.00

1.72-.34

0930
1.56-31

1.56-01

3.70+04

2.26+15

2.26+15

1.0+02 YR

0.U0

U.U0

0.0U
1.R7+09
0.0U

0.00

0.0d

1.12+r0
9.54+07

6.0U
2.12+13

-9.91+03

0.00

u.00

c.00

u.(10

u.uU

6.0U

0.00
1.60+02

0.00

J.00
2.58+11
8.83+07

14.01,
8.89+11

4.96-05

6.0J

0.00

0.00

J.U0
0800

3.52+04

2.42+14

2.42+14

1.0+03 YE

0.U0

0.Lc
1.87+u9
O.UU

U.U0

0.00

0.0G

9.53+07

1.98+04

...9,,k7..06
0.uu

0.0
0.Ln;

0.Lu
0.0u

U.00

0.134
0.00

0.L0

0.00

1.97+uh
2.36-15

0.00
1.05-U5

0.0U
0.60

0.111;

0.00
0000

0.0n

2.09+04

1.U6+1u

1.66+10

1.0+04 ".
Ito0U

U.00

o.nu
1.87+09
0.013

u•OU

0.00
0.00

9.51+J7

U.00
0.00

L.nu
6.UU

u.n0

6.00
0.00

o.00

U.00
0.00
1,00

"00

0.130
0.00
0.0U

U.OU
0.00

0.00
0.00

D.00

0.00
0.00
0.00

1.16+02

1.02+10
1.02+10

1.U+v5 Yk

0.L0

O.UU
0.00

1.b7+09

0.00

0.U0
0.00

9.32+07
U.uU

O.UU

0.00
0.00

0.0U
0.ud

0.uo

0.LL

0.00

0.00
0.LU

0.00

0.66
0.uu

U.UL

0.u0

0.uu
0.0b

0.0U
O.uU

0.013
0.00

Ooll0

O.UU

8.20+09

8.2O+U9

1.0+06 YR

0.00

0.00

0.00
1.BU+09

CAIDOLI

U.OJ
0.0U
0.00
7.57+07

0.00

0.00

u.OU
u.nu

u.ou

U.UU

0.00

U.00

U.011
0.00

u.uu

u.ou

u.uu

u.ou

0.00

0.00
0.0U

0.00

U000

U.U0
0.0U

0.00

0.00
2.74+09

2.74+09

1.0+07 YF

0.00

0.00

0.00

1.25+09

0.00

0.00

0.uu
0.00
9.47+06

n.un

0.un

u.u0
0.uo

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.U0

0.uu
0.UD
0.00

00U0

00U0

0.00

0.00

o.00
o.uo
0.1)0
U.UU
o.uo
1.27+139
1.27+09

1.U+08 YR

0.00

U.OU

0.00

3.18+07

U.00

0.00
0.00
0.00

b.86-03

u.Ou

0.00

0.00

0.00
0.00

0.00
0.00

G.UU

u.o0

0.00

0.ou

0.00
0900
U.00

0.00

0.00

U.00

u.00
u.00
u.00
u.ou
u.ou
U.00
3.18+o7
3.18+07

1.o+o9 YR
o.no
o.00
o.uo
3.71-0
o.00
o.00
0.00
o.oe
o.un
0.00

0.00

0.00

0.00

0.00

0.00

0.L0
0.00

O.U0

0.00
0.00

0.00
0.00

0.00
0.00

0..00

0.00

0.00

0.00

o.00
o.00
c1.00
(3.00
o.00
9.69+03

9.69+03



REFERENCE PWR__.3.4 PERCENT ENRICHED 0 PROPPRTIES AFTER SEPARATION

PONEN = 30.00 BURNUP = 33300•MwD. FLUX= 2.92+13N/cm••2-SEC

NUCLIDE INGESTION HAZARU E M.403 OF dATER AT RCG
bAsIS = MT 0F U CHARGED To REACTOR

H 3
SE 79
KR 85
RB 86

RB 87
5R 89
SR 90
Y 90
Y 91

ZR 93
NB 93M
ZR 95
NB 95m

NB 95
TC 99
R0103

RH1U3M
RUI06
RM106

P0107
AGIu9m

CD109

AGI10m
AGI10
CDI13m

INI14m
INI14
CDI15m

SN117M
SN119m

SN121m
SNI23m
TE123m

58124

511125
SB125
TEI25m

5N126
55126m

55126

CHARGE
0.00
0.00

0.00
u.u0

000
0.00

0.00
0.00

0.00
0.00

0,00
0.00

0.00
0.00
0.00

0.00
0.1i0
0.00
0.00

0.00
0.00
0.00

Q•00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

000
0.00

0.00
0.00
0.00
0.00

SEPARATION
2.31+05
9.96+01

-1.11+04
9.49+04
1,96-01
3.24+10

2.56+11
3.85+09

5.36+09

2.36+03
4.51+02
4.62+09

-5.88+03
5.20+09

7.17+04
1.10+139
8.83+06

4.10+10
-4.10+05

1.10+02
-3.41-06
1.70-02
8.71+06

-3.40+01

-4.49-02

8.24-01
-1.59-05
1.49+06

-2.89,05

-1.08+01
-1.37-04

-4.72+02
-2.51-01

4.27+06

106+04
7.99+07
3.22+07

1.37+03
-5.46-01
-5.55-01

1.0+00 YR
2.18+05
9.96+01

-1.04+04
1.26-01
1.96-01
2.49+08
2.50+11
3.25+09

7.26+07

2.36+03

6.63+02
9.41+07

-1.20+02
1.25+08

7.1 7+04
1.85+06
1.48+04

2.06+10
-2.06+05

1.115+02
-1.95-06
9.74-03
3.20+06

-1.25+01
-4.27-02

5.22-03
-1.01-07
4.15+03

-4,06-13
-3.93+00

-1.35-U4

-6.23+01
-2.89-02
6.28+04

2,1 708
6.18+07
2.56+07

1.37+03
-5.46-01
-5.41-01

1.0+01 TH
1.31+05
9.96+01

-5.83+03
0.00
1.96-01

Z.35-11

2.00+11
3.00+09

1.09-09
2.36+03

2.15+03
5.66-08

-7.21-14
7.37-08
7.17+04

1.92-19
1.54-21

4.15+07
-4.15+02

1.10+02

-1.28-08
6.38-05
3.94+02

-1.54-03

-2.73-02

0.00
0.00
4.08-20
0.00

-4.34-04
-1.25-04

-7.58-07
-1.01-10
2.04-12

0•00
6.14+06

2.54+06

1.37+03
-5.46-01

-5.41-01

1.0+02 YR
8.25+02

9.95+01
-1.81+01
0.00
1.96-01

0.00
2.1d+10
3.26+08

0.00
2.36+03

4.69+03
0.00

0.00
0.00
7.17+04

0.00
0.00
4.58-20

-4.58-25

1.10+02

0.00
0.00
0.00

0.00
-3.16-04

0.00

0.00
0.00
0.00

0.00
-5.49-05

0.00
0.00

U.00
0.00
5.70-04
2.36-04

1.36+03
-5.46-01

-5.40-01

1.0+03 YR
7.84-20

9.86+01
-1.50-24

0.00

1.96-01
0.00
4.99+00

7.49-02

0.00
2.36+03

4.71+03
0.0o

0.00
0.00

7.14+04
0.00
0.00

0.00
0.00

1.1n+u2

0.00
0.00
0.00
0.00
-1.43-23

0.00
U.00
0.00
0.00
0.00

-1.50-08
0.00
0.00
0.00

0.00
0.00

0.00
1.36+03

-5.42-01

-5.37-01

1.0+04 YR
0.00

8.95+01
0.00
0.00
1.96-01

0.00
0.00
0.00

0.00
2.35+03

4.70+03

0.00
0.00

U.00
6.94+04

0.00

0.00
0.00

0.00
1.10+02
6.00

0.00
0.00

0.00

0.00
0.00
U.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
1.27+03

-5.10-01
-5.05-01

1.0+05 yR

0.00
3.43+01

0.00
0.00
1.96-01

0.0u

0.00
0.00

0.00
2.25+03

4.50+03
0.00
0.0J
0.00

5.17+04

0.00
0.00
0.00
0.00
1.09+02
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.0U
0.00

0.00
0.00

0.0U
0.00

0.00
0.00

0.00
0.00

6.83+02
-2.73-01

-2.70-01

1.0+06 YR

0.00
2.33-0;

0.00
0.00
1.96-01

0.00
0.00
0.00
0.00

1.49+03

2.97+03
U.00
0.00
U.00
2.73+03

0.00
0.00
0.00
0.00

9.99+01
0.00

U.00
0.00
U.00

0.00
0.00

0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00
0.00
o.ou

1.34+00
-5.34-04
-5.29-04

1.0+07 YR
0.00
0.00

0.00
0.00
1.96-01

0.00
0.00
0.00
0.00
2.32+01

4.65+01
0.00

0.00
0.00
4.56-10
0.00
0.00
0.00
0.00

4.10+01
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00

0.00

1.0+08 YR
0.00
0.00
0.00
0.00

1.96-01

0.00
0.00
0.00
0.00
2.03-17
4.07-17

0.00
0.00
0.00
0.00
U.00
0.00
0.00

0.00
5.54 U3
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
U.00

0.00
0.00
U.00
0.00

0.00
o.00

0.00
0.00
0.00

YR
o.00
o.00
o.00
0.00
1.94-ol
0.00
0.00
0.00
o.00
o.00
o.00
o.uo
0.00
o.00
0.00
0.00
0.00
o.00
o.00
0.00
o.00
o.00
o.00
0.00
o.00
0.00
o.00
0.00
o.uo
o.00
0.00
0.00
o.00
o.00
o.00
o.00
0.00
o.00
o.00
o.00



liEFEHLACE Pak 3.3 PFRCE0T EWilEmE0 U pRoPEHTIES AFTER 5ERANAT19h

PoaEH = 30.0n mn. 00RAUP = 33000.m4u. FLUX= 2.92+13faCm••2-5EC

CHAPGE SEPARAT1014 1.0+00 YR
E 1270 u• 00 I.23+ub 1.21+u7
E127 0.90 3.04+07 2.98+u6
E129m 0.00 3.29+08 1.92+u;

[129 u...J0 5.27+06 3.09+113

1129 0.00 6.24+05 6.24+05
12129m n.o0 -2.69-05 -5.16-19

1131 0.00 3.96+07 8.75-07

E13IM u.00 -1.31+u1 -6.43-n9

E133 u.u0 _5.33_03 -7.38-24

5134 0.00 2.36+10 1.70+10
5135 n.00 2.66+03 2.86+u3
5136 0.1U 3.41+05 1.19_03

5137 0.00 5.34+09 5.22+99

•A1374 0.00 -9.99+04 -9.76+04

A140 U.OU 2.16+07 5.57-?2

A140 0.00 2.48+07 6.41-u2
E14 1 a.00 6.27+08 2.54+0S

•R143 n.06 1.36+07 1.29-01

E144 9.00 7.71+1u 3.16+1J
RI44 11.00 -7.71+05 -3.16+05

D147 0.00 d.39+05 1.05-04
m147 0.00 4.99+08 3.76+0a

m198H a.u0 -3.96+02 -9.6U-01

NI L'S U.00 -3.19+01 -7.71-92
r151 0.LU 2.86+06 2.84+06
0152 0.LU 1.42+05 1.34+05

D153 0.00 1.I1+d5 3.92+04
U154 0.00 3.39+a8 3.24+08

LUISS U.UO 3.16+07 2.15+07
E0156 0.A1) -2.19+02 -I.03-n5
18160 0.i.JU 7.58+06 2.27+05
rp161 0.1_10 -1.83-04 -2.14-20

iu162 0.00 -1.6U+02 -7.9d+01

rB162m 0.00 -1.60+02 -7.98+DI

10166m 3.U0 1.49-03 1.49-C3

iUbTOT 0.00 4.56+I1 3.29+11

TOTAL 0.00 4.59+11 3.29+11

%0CLIUE IN6L5T1o0 HAZARD. 11.4,3 oF mATER AT RCG

BASIS mT or U CHARc,ED Tu REACTUR

1.0+01 YR

1.01-02

2.50-03

0.00
0.00
6.24+05

•r,

0.00

0.00

0.00

8.11+98
2.46+0.3

0.n0
4.24+09
-7.93+04

0.00
0.00

0.00

0.00
1.c4+07

-1.04+02

0.00
3.4E1 +07

-2.67-24

-2.15-25

2.64+06
7.98+04

3.20+00

2.19+08

6.87+05

0.60
4.30-09

0.r0
-1.56-n1
-1.56-01

1.48-03

2.09+11

2.09+11

1.0+02 YR

C.00

U.00

0.0J
6.24+05

D.UL1

1.1.01
U.OU

U.00
4.97-05
2.86+03

O.UU
S.30+013

-9.91+03

0.110
a.00

0.00

0.00

J.00

0.00
L.00

1.60-03

0.00

0.00

1.29+06
4.41+02

0.00

4.44+06

7.44-10
0.00
0.00

0.00
0.00

0.00

1.4103

2.26+10

2.26+10

100+U3 YR

0.06

0$UU

O.UL
0.01
6•24+US

O.UU

U.U0

00UU
U.00

0.110
2.66+03

O.Uld

4.96-.U1
..9•27..u6

O.UU

O.UU

0.Ur.

0.00

0.0C,

U.OU

o.on
o.uu
0.0u
o.un
9.y4.02
1.1v-2u
o.un
5,123-.11

0.00
O.U0

0.00
O.U0

0.00

UoUn

8.36.04

7.08+05
7.08+05

1.0+q4 YR 1.0+US Yr:

P.00 O.UU
U$00 00UU

j.00 0.0U
1.00 000U

6.24+05 6.i2+US

0.00 U.UU

1.0U O.UU

0.0U U.OU
Ueou O.U0

U.00 O.U0
2.n5+03 2.H0+03

n.00 0.00

0.00 u.0u

n.00 0.00
0.0U 0.ju

0.00 U.00

0.00 0.00

0.00 0.00

0.00 0.00

(1.00 0.u0

6.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.0u
0.n0 0.OU

0.00 0.0u

u.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00
0.00 0.n0

0.UU 0.UU

u.00 0.00

4.63-06 0.00

7.05+05 6.84+05

7.05+05 6.84+05

1.0+06 YR

0.00

U.00

OeU0

0.00
5.99+0s

0.0D

n.00

0.00
0.01.1

0.00
2.27+03
J.00

0.00

0.00

0.00
0.00

0.00

0.00

J.00
0.00

0.00

0.00
0.00

0•00

0.11(3
0.00

0.00
0.00

0.00

u.00

0.00
0.00

0.00

0.00
0.00

6.09+05

6.09+05

1.0+07 YR 1.u+08 YR 1.0+09 YR

0.00 U.00 0.00

0.00 U.90 o.on
o.uu u.ou o.uo
o.un u.00 0.00
4.15.05 1.06+04 1.24-12

n.ou u.nu 0.00
n.uu u.no u.un
n.uo 0.00 0.00

0.00 j.00 o.uo

0.00 0.00 0.00
2.84+02 2.66_U7 0.00
n.00 0.00 0.00

0.00 U.00 0.00

0.00 0.00 o.uo
u.uu u.on o.u0
n.on u.on 0.00

0.01, 0.00 0.00
0.U(1 0.0U 0.00

U.U0 0.00 0.00
0.U0 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.0U 0.00

0.00 0.00 0.00
0.00 U.OU O.U0

0.00 0.00 O.UO

0.00 0.00 0.00

0.00 0.00 0.00

O.U0 0.00 0.00
0.00 0.00 0.00
0.0n 0.00 0.00

0.00 0.00 0.00

0.00 u.o0 o.on
0.00 u.ou 0.00

4.16+05 1.06+04 1.94-01

4.16+0ci 1.06+09 1.94-01



APPENDIX 2.D

LWR-PLANT WASTE, PU FUEL FRACTION

(Power 30 MW/MT, Burnup 33,000 MWD/MT,
Spent Fuel Processed 150 Days After
Discharge with 0.5% Fuel Loss to Waste)
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2.D. 1

LWR PLANT WASTE, PU FUEL FRACTION

Summary Tables



THERMAL POWER

WATTS PER METRIC TON OF FUEL

TIME,YEARS 0 1 10 100 500 1000 100E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+0R 1.00E+09

AFTER YR 2000

CLADD/ NG Et,25E+01 1.01E4-01 7.57E+00 1.11E-04 1.3RE-05 9.78E-06 9.45E-06 9.76E-04 6.12E-06 9.70E-OF 9 .7F4F-P6 .onE+no

STE/ ONTI1JM 5.77E+02 3.23E+0? 2.57E+02 2.79E+01 1.45E-03 6.41E-09 .0n E+ 00 .00E+00 .00E+00 .n0E+00 .00E+00 .00E+00
CESIUM 2.75E+03 2.12E+03 5.39E+02 5.81E+01 5.92E-03 2.40E-04 7.40E-04 2.35E-04 1.91 E-04 2.39E-05 2.27E-14 .n0E+00
SR+ CS 3.33E+03 2.44E+03 7.95E+02 8.61E+01 7.37E-03 2.40E-04 2.40E-04 2.35E-04 1.91E-04 2.39E-05 2.27E-14 .00E+00
FP-SR-CS 1.72E+04 6.77E+03 7.90E+01 2.29E+00 5.92E-02 1.70E-02 1.07E-0? 7012E-03 5,44E-04 3 .2RE-05 6.11E-07 7.66E-23
KR435-,/129 1.12E+01 1.05F.+01 5.90E+00 1.86E-02 3.57E-05 3.57E-05 3,56E-05 3,55E-05 3.42E-05 2.37E-05 6.10E-07 7.66E-23
FISS1 ON PRIM. 2.(15E+04 R.67E+03 8.74E+02 8.113E01 6.66E-02 1.22E-02 1.10E-07 R.05E-03 7.35E-04 5.67E-05 6.11 E-07 7.66F-23

UP- TH WASTE 3.63E-04 3.63E-04 3.63E-04 3.63E-04 3.63E-04 3.63F-04 3.64E-04 3.76F-0A 4.13E-04 4.14E-04 4.03E-04 3 .44; E-0A
PU FUEL WASTE 5.19E+00 5.29E+00 5.96E+00 6.07E+00 3.ROE+00 2.94E+00 9.9?E-01 1.913E-O7 9.68E-03 4.82E-03 3.64F-0A 9.27E-06
TRANS PU 1.03E+04 3.50E+03 1.72E+03 9.R5E+01 7.RRE+01 1.412E+01 5.43E+00 3.59 E-01 1.17E-01 6.77E-03 4.38E-04 1.59E-04

TOTAL WASTE 3.09E+04 1.22E+04 2.10E+03 1.93E+02 3.7.7E+01 2.11E+01 6.A3E+00 3.97F.-01 I.?? F-01 1.21E-02 1.21E-03 5.14E-04

RA DI OACTI VI TY

CURIES PER METRIC ToN oF FUEL
(PARENTS AND DAUGHTERS I N CHAINS ARE I gruinEn IN TOTALS)

T1 ME,YEARS 0 1 10 100 500 1000 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1,OriE+OR 1,00E+09
AFTER YR 2000

CLA not Psr; 1.53E+04 905E+0? 1.6RE+02 6.14E-01 1.14E-01 .89 E-0? R.74E-02 R.06E-0? 5.13E-02 R.14E-04 R.21E-27 .00E+00

STRONTIUM 1.410E+05 11.96E+04 7.13E+04 7.75E+03 4.03E-01 1.78E-06 .00E+00 .00E+00 .00E+00 .(10E+00 .00E+00 .00E+00
CESI UM 4.75E+05 3.61 E+05 1.82E+05 2.19E+04 2.63E+00 4.95E-01 4.94E-01 4.83E-01 3.93E-01 4.92E-02 4.67E-11 .00E+00
SR+CS 5015E+05 4.51E4.05 2.53E+05 2.97E+04 3.04E+00 4.95F.-01. 4.94E-01 4.83E-01 3.93 E-01 4.92E-02 4.67E-11 .00 E+00
FP-SR-CS 3.78E+06 1.36E+06 2.19E+04 8.25E+02 4.50 E+0l ,POE+01 1 .69E+01 1.27E+01 1.72E+00 1.36E-01 9.39E-04 1.16F-19
8R85+1129 6.69F.+03 6.46E+03 3.63E+03 1.15F.+01 5.42E-02 5.42E-02 5.42E-0? 5.40E-02 5.20E-02 3.61E-02 9.27E-04 1.16E-19
FISSI ON PROD. 4.37E+06 1.81E4-06 7,75E+05 3.05E+04 4.80E+01 1015E+01 1.74E+01 1.32E+01 2.12E+00 1.85E-01 9.39E-04 1.16E-19

UP- TH WASTE 2.40E-02 2.40E-02 2.40E-02 2.40E-02 2.39E-02 7.39E-02 2.40E-02 2.47E-02 2.69E-02 2.70E-02 2.64E-02 ? .713E-0?
PU FUFL VASTF 2.46E+03 2.35E+03 1.62E+03 2.07E+02 R.75E+01 4.45E+01 5.R3E+00 5.85E-01 1.64E-01 1 .02E-n? 1.47E-03 5.60E-04
TRANS PU 2.R4F+05 9.88E+04 3.61 E+04 3.91E+03 1.38E+03 7.7RE+02 1.69E+02 1.140E+01 4.82E+00 3.97F-01 2.53E-0P 9.68E-03

ToTAL WASTE 4.67E+06 1.92E+06 3.13E+05 3.46E+04 1.52E+03 R.41E+02 1.92E+0P 3.19E+01 9.18E+00 6.20E-01 5.41E-0P 3.31E-02

!NJ

0
0
6
 L
-1

MN
S1

 



INGESTION ToXICITY

THE INGESTION TOXICITY INDEX IS THE RASE 10 LoGAR1THm OF THE
CUBIC METERS OF WATER PER ToN oF FUEL TO DILUTE To RCG

TImEYEARS 0 1 10 100 500 1000 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09
SINCE SEPARATION

CLADDING 8.30 7.34 6.74 4.25 3.09 2.57 2.56 2.53 2.33 .53

STRONTIUM 11.24 11.17 11.07 10.11 5.83 .47
CESIUM 10.45 10.33 9.71 8.74 4.77 3.69 3.69 3.68 3.59 2.69 -6.33
SR+CS 11.31 11.23 11.09 10.13 5.86 3.69 3.69 3.68 3.59 2.69 -6.33
FP-SR-CS 11.17 10.80 8.66 6.97 6.02 5.99 5.99 5.98 5.94 5.78 4.19
KR85+1129 5.96 5.96 5.96 5.96 5.96 5.96 5.96 5.95 5.94 5.78 4.19
FISSION PROD. 11.54 11.37 11.09 10.13 6.25 6.00 5.99 5.98 5.94 5.78 4.19

111-TH FIIEL WASTE 4.76 4.76 4.76 4.76 4.76 4.76 4.76 4.78 4.83 4.83 4.82 4.76
PU FUEL WASTE 7.46 7.47 7.49 7,44 7.11 6.87 6.35 5.97 4.97 3.20 2.52 2.13
TRANS PU 10.28 9.98 9.72 8,77 8.35 8.17 7,73 7.21 6.36 4.84 3,75 3.37

TIJTAL WASTE 11.57 11.38 11.11 10.15 8.38 8.19 7.76 7.26 6,52 5.87 4.95

  TOXICITY INDEX IS LESS THAN -10
RCG IS RAD1oNUCLIDE CoNcENTRATIoN GU1DE RASED UPoN 10 CFR 20

INHALATIoN TOXICITY

THE INHALATION ToXICITY INDEX 1S THE RASE 10 LOGARITHM oF THE
CuRIC METERS oF AIR To DILUTE To RCG PER METRIC TON oF FUEL

TIME,YEARs 10 100 son loon 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 100E+09
SINCE SEPARATIoN

CLADDING 3.0? 2.30 11.74 8.49 7.76 7.64 7.64 7.62 7.44 5.64

STRUNTIUm 5.24 5.17 15.07 14.11 9.83 4.47
CESIUM 4.86 4.76 14.28 13.34 9.36 8.22 8.22 8.21 8.12 7.21 -1.81
SR+ CS 5.39 5.3? 15.14 14.18 9.96 8.22 8.22 8.21 8.12 7.21 -1.81
FP-SR-CS 5.87 5.51 13.87 12.23 10.40 10.06 10.04 9.95 9.53 9.26 7.67 -8.23
KR85+1129 0.41 0.38 10.17 9.44 9.43 9.43 9.43 9.43 9.42 9.26 7.67 -8.23
FISSION PROD. 5.99 5.72 15.16 14.18 10.53 10.07 10.05 9.96 9.54 9.26 7.67 -8.23

01-TH FUEL WASTE 10.30 10.30 10.30 10.29 10.29 10.29 10.30 10.31 10.35 10.36 10.35 10.28
PU FUEL WASTE 15.31 15.31 15.26 15.01 14.59 14.42 13.96 12.64 11.52 10.14 9.60 9.21
TRANS PU 17.35 17.27 17.12 16.29 15.78 15.61 15.23 14.09 13.45 12.19 10.83 10.45

TOTAL WASTE 17.37 17,28 17.13 16.31 15.80 15.64 15.25 14.10 13.45 12.20 10.97 10.69

  TOXICITY INDEX IS LESS THAN -10
RCG IS RADIONUCLIDE CONCENTRATION GUIDE BASED UPON 10 CFR 20

0
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2. D. 4

LWR-PLANT WASTE, Pu FUEL FRACTION

Actinides

BNWL-1900



PLUTONIVM FUEL FRACTIUN 1N A FAR 3,5§ 013* fOPOIT!E$ AfTf EPAFq4TION

POIKER n 30.00 MW. BURNUP a 33000.H40. FLUX,' 1.67+13N/CM10.2.5EC

NUCLIUE CONCENTRATIONS. GRAMS

8ASIS 1. MT HEAVY METAL CHARGED TO REACTOR

CHARGE SEPARATION 1.0+00 YR 1.04.ul Irk 1.0+02 YR 1.0+03 YR 1.0+04 YR 1.0+05 )14 1.0'06 YR 1.0+07 YR 1.0+08 YR 1.0+09 YR

HE 4 0.00 9.63+00 109+91 1.41+01 2.21+01 2.91+01 4.65+01 7.30+01 9.62+01 1.48+02 1.77+02 3.23+02

P8207 0.00 1.05-10 2.60-10 4.75-09 1.61..07 2.55-06 5.35..05 2.56-02 7.76..01 8.40+00 6.10+01 5.43+02

P6206 0.00 2.92-07 S.82-07 1.31-06 2.39-06 3.17-06 3.16..06 6.53-06 3.77.04 3.47..02 1.77+00 2.49+01

PB210 0.00 2.36-12 4.72..12 6.54-11 1.32-08 6.26..06 3.71-04 2.91-03 5.45..04 1.9205 1.89..05 1.65-05

P13212 0,00 0,027.1U 4,31T10 4.26-14 103-11 2.31-15 503-15 1.27-13 1.33-12 1.18-11 4.42-11 4.47-11

61209 000 1.43-11 1.76-11 5.00-11 3.15-09 4.47-06 4.64-03 2.50+00 1.05+02 4.60+02 4.61+02 4.81+02

61212 000 5.74-11 4.10-11 4.06-12 1.26-12 2.20-16 4.69..16 1.21-14 1.27-13 1.12-.12 4.21-12 4.26-12

RA223 0.00 5.47-12 9.58-12 3.78-11 1.16..10 1.34-10 5.30-10 2.77-08 4.13-0B 4.09-08 3.75-06 1.56-08

RA224 0.00 5.25-09 3.75-09 3.71-10 1.16-10 2.01-14 4.47..14 1.11..12 1.16..11 1.03-10 3.65-10 3.89-10

RA226 0.00 4.93-09 7.42-09 3.19-06 2.09-06 6.78-04 3.04-02 2.39-01 4.47..02 1.58-03 1.55-03 1.35-03

AC227 0.013 4,16_09 6.74-u9 2.66_08 6.31-08 9.43-08 3.73.07 1.95-05 2.91-05 2.68-05 2.64-05 1.10-05

Th227 0.00 9.u2-12 1.53-11 6.05-11 1.69-10 2.14-10 6.46-10 4.43-08 6.61-08 6.55-06 6.00.08 2.49-u8

TH228 0.00 1.04-06 7.28..07 7.21-08 2.25-08 4.03-12 6.71-12 2.16-10 2.26-09 2.00-06 7.50-08 7.60-08

TH229 0.00 3.80-08 3.61-06 4.75-06 1.04..06 1.71_04 2.29-02 6.06..01 1.38+00 7.03..02 1.55-14 0.00

TH230 U.OU 2./2-04 2.93-04 3.66-04 6.4d-03 1.95-01 1.99+00 1.21+01 2.27+00 6.U2-02 7.90-02 6.88-02

TH231 0.110 1.22-06 6.12-11 6.13..11 6.19.-11 7.21-11 4.45-10 3.73-09 4.00-09 0.96-09 3.63.09 1.51-09

Th232 (1.00 4.57-05 4.56-05 4.69-05 6.27-05 9.75..04 6.55-U2 1.62+00 1.70+01 1.51+02 5.43+02 5.71+02

TH234 0.U0 1.34-.05 6.74.0a 6.70-06 6.70-08 6.71-08 6.71-08 6.71-08 6.73..08 6.73-06 4.63-08 5.78-08

PA231 0.00 1.32-04 1.32-04 1.32..04 1.33-04 1.44-U4 5.71-U4 2.96-02 4.45-02 4.41-02 4.04-02 1.68-02

PA233 U.U0 4.51-U6 4.54-06 4.70..06 6.29-06 1.43..05 1.76-05 1.61-.05 1.36-05 7.35..07 1.62-19 0.00

PA234M 000 4.52..10 2.27-12 2.26-12 2.26-12 2.26..12 2.26.-12 2.26-12 2.27-12 2.27-12 2.24..12 1.95-12

U232 0.00 6.77-07 9.65-07 1.87.-06 6.42-07 1.46-10 0.00 0•00 0.00 0.00 0.00 0.00

U233 0.00 9.86-06 8.62-05 4.40-04 5.02-03 9.79-02 1.50+00 1.36+01 3.11+01 1.59+00 0.78..13 0.00

U234 5.34+01 2.15..01 5.11-01 5.43+00 4.00+01 7.47+01 7.49+01 5.62+01 4.89+00 2.52-01 2.48-01 2.16-01

U235 6.77+03 1.51+01 1051+01 1.52+01 1.53+01 1.78+01 1.10+U2 9.21+02 9.69+02 9.80+02 8.98+02 3.73+02

U236 O.UU 4.01+00 4.01+00 4.14+00 6.70+00 6.16+01 3.91+112 6.07+112 5.91+02 4.56+02 3.35+01 1.56-10

U237 0.00 7.21-.07 6.85-07 4.51..07 9.60-09 2.79..09 1.43-09 1.77-12 0.00 0.00 U.00 0.00

U238 9.53+05 4.66+03 4.66+03 4.66+03 4.66+03 4.66+03 4.66+03 4.66+03 4.68+03 4.46+03 4.61+03 4.02+03

NP237 U.00 1.31+U2 1,32+02 1.36+02 1.83+02 4.14+02 5.12+02 5.27+02 3.93+02 2.13+01 4.70-12 0.00

NP239 O.U0 7.66-04 7.813.04 7.87.-04 7.81-04 7.20.414 3•18-04 9.17-06 5.54..11 3.82-11 9.11-13 5.50.-29

PU236 0.00 1.49-06 1.17-06 1.31-07 4.11-17 0.00 0.00 0.00 0.00 0.00 U.00 0.00

PU238 7.73+02 4.42+00 5.91+01 6.90+01 3.51+01 5.59-02 8.79..20 0.00 0.00 0.00 0.00 0.00

PU239 2.40+04 5.46+01 5.46+01 5.56+01 6.45+01 1.35+02 5.18+02 6.94+01 2.10-04 1.45..09 3.46_06 2.09.-22

PU240 9.76+03 3.67+01 5.84+01 2.20+02 5.96+02 5.56+02 2.21+02 2.16-02 0.00 0.00 0.00 0.00

P0241 4.27+U3 2:34+01 2.24+01 1.47+01 4.12"'N 9,011'-82 1.65..02 5.77-05 0.00 0.00 0.00 0.00

PU242 1.59+03 1.36+01 1.38+01 1.38+01 1.42+01 1.55+01 1.95+01 1.63+01 3.54+00 2.52.-07 0.00 0.00

PU243 0.00 2.59-14 5.19-12 5.19-12 5.19-12 5.19-12 5.19..12 5.17-12 4.98.-12 3.43-12 6.18-14 4.93-30

AM241 3.25+02 3.35+02 3.35+02 3.36+02 3.06+02 7.46+01 1.36+00 1.69..03 0.00 0.00 0.00 0.00

AM242M 0.00 4.67+00 4.85+00 4.65+00 3.09+00 5.10-02 0.00 O.U0 0.00 0.00 0.00 0.00

AM242 0.00 5.65-05 5.62-05 5.5905 3.71-05 4.12..07 9.26.25 0.00 0.00 0.00 0.00 0.00



PLUTUNIUM FUEL FRACTION IN A Pi.,1 3.5Z ENR. PROPERTIES AF1ER SEPARATION

POAEk = 30.00 MA, LIURNUP =

AM243

CM242
CM243
CM244

CH245

CM246
CM247

5UBTOT

TOTAL

CHARGE

J.00
0.00

U.00
0.00

U.00
u.06

O.U0
1•jU+06

1.00+06

5E1'104AT/0.4

9.52+02
7.08+01
1.8+00

5.3E4+02

6.25+01
7.32+00
1.55-01

6.98+03

6.98+03

33000.Mau. FLUA2 1.67+13H/CM•22-SEC

1.0+00 YR

9.52+02

1.50+01
1.81+00
5.66+02

6.25+61
7.37+90

1.55-U1

6.98+93
6.9b+j3

NUCL1UE CuNCENTRATIONs, GRAMS
BASIS 2 rlT HEAVY METAL cHARGE0 TO REACFOR

YR 1.0+02 YR
9.52+02 9.44+02
1.12-02 7.43-03

1.49+00 2.12-01
4.01+02 1.28+01

6.24+01 6.20+01
7.36+00 7.28+00

1.55-01 1.5-01

6.98+03 6.7b+93
6.98+03 6.98+03

1.0+03 IR

8.70+02
1.23-04

0.06
1.3F-14

5.80+01

1.55-01

6.91;4.03

6.9e.o.u3

1.0+04 TR

.3.85+02
1.86-22

0.00
0.00
2.97+01

2.08+UO
1.55-01
6.98+03

6.98+03

1.0+CS Y4

1.11-01

0.00

0.00

0.0U
3.69-02

O.U0
1.54-U1
6.97+03

6.98+03

1.0+06 YR 1.0+07 YP
6.70-05 44.6105

0.00 0.00

04.00 0.00

0.00 D.00

0.0o 0.00

0.00 0.00

1.49-01 1.02-01

6.91+03 6.90+03
6.98+03 6.98+03

1.0+08 YR 1.0+09 TR
1.10-06 6.65-23

O.OU 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00
2.44-03 0.00
6.85+03 6.33+03
6.94'3+03 6.98+03



PLUT9N1Uh FUEL FRAcT10N 114 A PPR 3•5* ENR.. PFERTIE5 AFTER 5EPAHAT10N

POWEk 0 30.00 Mh s BURNUP 33000.MWD. FLUM' 1.67+13N/CMos2-5EC

CHARGE SEPARATION 1.0+00 YR

NUCLIDE RADIOACTIVITY, CURIE5
BASIS a MT HEAVY METAL CHARGED YO

1.0+01 YR 1.0+02 YR 1.0+03 YR 1.0+134 YR

REACTOR

1.0+08 YR 1.0+06 YR 1.0+07 YR 1.0+08 YR 1 .0+09 YR
TL207 0.00 2.80-07 4.91-07 ].94-06 6.05-06 6.86-06 2.71-05 1.92_03 2.11-03 2.10-03 1.92-03 7.97-04TL208 0.00 3.03-04 2.16.04 2.14-05 6.66-06 1.16-09 2.58-09 6.4u-08 6.69-07 5.92-06 2.22-05 2.25-05
TL209
pB209

U.00
0.00

1.77-10
8.02-09

1.79-10
8.15-09

2.24-10
1.02-08

4.88-09
2.22-07

8.04-07
3.65-05

1.08-04
4.90-03

2.86-03

1.30-01
6.48-03

2.95-01
3.31-04

1.50-02
7.29-17
3.31-15

0.00
0.00

P8210 0.00 1,91710 3,8 -10 5,3i7P9 1.07-06 6.70.64 3.01-02 2.36-01 9.92-02 1.58-03 1.59-03 1.34.03
PB211 0.00 2.81..07 4.92-07 1.94.06 6.;07-06 6,88_06 2.72-05 1.42-03 2.12-03 2.10-03 1.92-03 8.00-0,
PB212 0.00 8.40-04 6.01-04 5.94-05 1.85-05 3.22-09 7.16-09 1.76-07 1.86-06 1.65-05 6.16.05 6.24-05
PB214 U.00 4.64-09 7.34-U9 3.15.08 2.06-06 6.70-04 3.01-02 2.36-01 9.92-02 1.56-03 1.54..03 1.34-03
B1210 0.00 1.86-10 3.83-10 6.31-09 1.07-06 6.70-U4 3.01-02 2.36-01 4.42-02 1.56-03 1.54-03 1.34-03
81211 0.00 2.81-07 4.92-07 1.94-06 6.07-06 6.68-06 2.72-05 1.42-03 2.12-03 2.10-03 1.92-03 8.00-04
81212 3,00 8.411.04 6.01-04 5,94-05 1,85-05 3.22-09 7,16-09 1.78-07 1.86-06 1.65-U5 6.16_05 6.24-05
81213 0.00 8.02-09 8.15-39 1.02-06 2.22-U7 3.65-05 4.90-U3 1.30-U1 2.95-01 1.50.02 3.31.15 0.00
81214 0.00 4.84-09 7.34-09 3.15-08 2.06-06 6.70-04 3.01-02 2.36-01 4.42-02 1.56-03 1.54..03 1.34.03
P0210 0.00 1.27-10 2.77-10 5.31.-09 1.07-06 6.70-U4 3.01-02 2.36-01 4.42-02 1.56-03 1.54-03 1.34-03
P0211 0.00 8.43-10 1.48-09 5.82-09 1.82-08 2.06-08 8.16-08 4.26-06 6.36-06 6.30-06 5.77-06 2.40-06
P0212 0.00 5.38-04 3.84-0y 3.80-05 1.18-05 2.06-09 4.58-09 1.14-07 1.19-06 1.05-05 3.94-05 3.99.-OS
P0213 0.00 7.85-09 2.97709 9.94-09 2.17-07 3.57-05 4.80-03 1.27-01 2.88-01 1.47-02 3.29-15 0.00
P0214 0.00 4.84-09 7.34-u9 3.15-08 2.06-06 6.70-04 3.01-02 2.36-01 4.42-02 1.56-03 1.54-03 1.34-03
P0215 0.00 2.81-07 4.92-07 1.99-06 6.07-06 6.88-06 2.72-05 1.42-03 2.12-03 2.10-03 1.92-03 8.00-04
P0216 0.00 8.40-04 6.01-U4 5.49-05 1.85-05 3.22-09 7.16-09 1.78-07 1.86-06 1.65-05 6.16-05 6.24-05
P0218 0.00 4.84-09 7.34-09 3.15-08 2.06-06 6.70-04 3.01-02 2.36-01 4.42-02 1.56-03 1.54-U3 1.34-03
AT217 U•00 8.02-09 8.15-09 1.02-08 2.22-07 3.65-05 4.90..03 1.30-01 2.95-01 1.50-02 3.31-15 0.00
RN219 0,00 2,81-07 4.92-07 1.94-06 6.07-06 6.88-06 2.72-05 1.42-03 2.12-03 2.10-03 1.92_03 8.00-04
RN22U 0.00 8.40-04 6.01-34 5.94-05 1.85.05 3.22-09 7.16-09 1.78-07 1.86-06 1.65-05 6.16-05 6.24.05
RN222 0.00 4.84-09 7.34-09 3.15-08 2.06-06 6.70-U4 3.01-.02 2.36-01 4.42-02 1.56-03 1.54.03 1.34.03
FR22I 6.00 8.02-09 8.15-09 1.02-08 2.22-07 3.65-05 4.90-03 1.30-01 2.95-01 1.50-02 3.31-15 0.00
FR223 0.00 4.24-09 6.88-09 2.72-08 B.49-08 9.63-U8 3.81-07 1.99-05 2.97-05 2.94-05 2.69-05 1.1205
RA223 U.00 2.81-07 4.92-u2 1.94-06 6.07-06 6.88-06 2.72-05 1.42-03 2.12-03 2.10-03 1.92-03 8.00.04
RA224 0.0U 8,40.04 6.01-04 5.94-05 1.85-05 3.22.09 7.16-09 1.78-07 1.86-06 1.65-05 6.16-05 6.24-05
RA225 0.00 8.04-09 8.15.09 1.02-08 2.22-07 3.65-05 4.90-03 1.30-01 2.95-01 1.50-02 3.31-15 0.00
RA226 0.00 4.87-09 7.34-09 3.15-08 2.06-06 6.70-04 3.01-02 2.36-01 4.42-02 1.56-03 1.54-03 1.34-03
AC225 0.00 8.02-09 8.15.39 1.02-08 2.22-07 3.65-05 4.90-03 1.30-01 2.95-01 1.50-02 3.31_15 0.00
AC227 0.00 3.03-07 4.91-07 1.94-06 6.07-06 6.88-U6 2.72-05 1.42-03 2.12-03 2.10-03 1.92-03 8.00-oq
TH227 0.U0 2.85-07 4.85-u2 1.91-06 5.98-06 6.78-06 2.68-05 1.40-03 2.09-03 2.07-03 1.90.03 7.88-04
TH224 0,00 8.51-04 50787'04 5.93,0P 1.85-05 3.31.09 7.16-09 1.78-07 1.86-06 1.65-05 6.16-05 6.24-05
TH229 0.00 8.12-09 8./5-09 1.02-08 2.22-07 3.65-05 4.90-03 1.30-01 2.95-01 1.50-02 3.32-15 0.00
TH230 0.00 5.68-06 5.70-06 7.15-06 1.26-04 3.79-03 3.87-02 2.36-01 9.42-02 1.56-03 1.59-03 1.34..03
TH231 0.00 6.49-03 3.25-05 3.25.05 3.28-05 3.82-05 2.36-04 1.98.03 2.12-03 2.10-03 1.92.03 8.00-04
TH234 0.00 3.11.01 1.56-03 1.55-03 1.55-03 1.55-03 1.55-03 1.55-03 1.56..03 1.56-03 1.54-03 1.34-03
PA231 0.00 6.27-06 6.27-06 6.27-06 6.32..06 6.87-06 2.72-05 1.42..03 2.12-03 2.10-03 1.92-03 8.00-04



PLUTDNIUM FUEL FRACTION IN A P R 3.5% ENR. PRUPEHT1rS AFTER SEMARATIU0

PUgiEH = 30.00 Mht BOINVP = 33000.M,40. FLUX= 1.674.13N/CM..2-SEC

NUCLIDE RAUloACTIV1TY. CURIES

CHARGE SEPARATION 1.0+b0 YR

BASIS = mT HEAVY METAL

1 .0+01 YR 1.0+02 YR 1.0+03 YR

CHARGEU TO

1.0+04 YR

REACTOR

1.0+05 Yk 1.U+06 YR 1.0+07 YR 1.U+08 YR 1.0+09 YR

PA233 O.U0 9.23-02 9.28-02 9.62-02 1.29-U1 2.92-U1 3.61-UI 3.71-ul 2.77-01 1.50-U2 3.31-15 0.00
PA234m 0.00 3.11-01 1.56-U3 1.55-33 1.55-03 1.55-03 1.55-03 1.55-03 1.56-03 1.56-u3 1.54.03 1.34-03

PA234 0.QU 3.11-04 1.56-j6 1.55-36 1.55-06 1.55-06 1.55-06 1.56-06 1.56-06 1.54-06 1.34-06
U232 U.00 1.45-05 2.11-05 4.00-05 1.80-05 3.12-09 0.00 0.1.10 0.1)0 0.110 0.00 0.00

U233 U.UU 9.34-U8 5.32-07 4.17-06 4.76-05 9.26-04 1.42-02 1.29-01 2.94-01 1.50-1J2 3.58-15 0.00
U234 3.30-01 1.33-03 3.16-.;J3 3.36-32 2.47-01 4.24-UI 4.63-u1 3.6u-D1 3.03-02 1.56-U3 1.54-03 1.34-03
UZ35 1.45-02 3.25-05 3.25-05 3.25-05 3.28-05 3.82-uS 2.36_04 1.98-01 2.12-03 2.10-U3 1.92-03 8.00-04
0236 U.00 2.54-04 2.54-34 2.63-04 5.52-04 3.90-03 2.48-02 3.P5-02 3.25-02 2.89-02 2.13-03 9.86-15

U237 U.OU 5.48.02 5.59-,j2 3.64.02 7.84-04 2.2e-014 1.17-04 1.45-07 U.00 0.00 0.00 0.00
U238 3.12-01 1.55_03 1.55-13 1.55-03 1.55-03 1.55-03 1.55-U3 1.55-10 1.56-03 1.56-03 1.54-03 1.34-03

NP237 0.00 9.25-02 9.28-2 9.62-02 1.2i-01 2.92-01 3.61-b1 3.71-UI 2.77-01 1.50-02 3.31-15 0.00

NP239 0.JU 1.83+02 1.83+32 1.A3+02 1.82+02 1.67+02 7.41+J1 2.13-02 1.29-05 8.68-06 2.12-07 1.28-23

PU236 0.f.10 7.93-04 6.22-04 6.97-05 2.18-14 0.00 U.00 0.u0 0.00 0.00 0.00 0.00

Pu236 1.30+04 7.46+01 9.97+62 1.1 7+03 5.93+02 9.43-01 1.48-18 0.00 L.00 0.00 0.00 0.00
PU239 1.47+03 3.35+0u 3.36+1G 3.42+00 3.96+00 8.27+00 3.18+01 4.26+00 1.29-05 8.88-06 2.12-07 1.28-23

PU240 2.15+03 8.0+0D 1.29+11 4.46+01 1.32+02 1.23+02 4.88+01 4.80-U3 U•00 0.110 0.00 0.00
PU241 4.26+05 2.34+03 2.24+J3 1.47+03 3.13+01 9.10+00 4.66+0u 5.78-03 0.00 0.00 0.00 0.00
PU242 6.19+00 S.37-02 5.3/-02 5.39-02 5.53-02 6.04-U2 7.62-J2 7.15-02 1.38-02 9.83-10 0.00 0.00
PU243 J.011 6.72-00 1.34-f;E 1.34-05 1.34-05 1.34_05 1.34-05 1.34-US 1.29-05 8.88-u6 2.12-07 1.28-23

AM241 1.12+03 1.1S+J3 1.1n+03 1.16+03 1.05+03 2.56+02 4.66+00 5.78-03 D. UO O.JU 0.00 0.00

AH242M 0.00 4.73+01 4.71+11 4.52+01 3.00+01 4.96-UI 0.00 0•GU U.00 0.00 0.00 0.00

At1242

Af.1243
0.00

O.U0
4.73+01
1.83+J2

11.71+01

1.83+02
4.52+01
1.43+02

3.01)+01
1.824.02

4.96-01

1.67+U2
7.50-19
7.41+01

0.u0
2.13-02

U.00
1.29-05

0.00
8.88-U6

U.00
2.12-u7

0.00
1.28-23

CH242
CM243
CF244

CM245

J.00
O.UU

0.00

2.35+05

8.50+01
4./6+04
9.79+0u

4.97+04

4.32+01

4.58+04
9.79+00

3.71+01
6.54+01

3.25+04
9.79+00

2.46+01

9.74+00
1.03+03

9.72+Jj

4.U6-111
o.UU
1.12-12

9.U9+00

6.17-19
j.g0
o.nn
4.65+00

O.UO
0.110

0.1;U
5.78-03

0.00

0.00
0.00

U.OL

0.00

U.00
0.0U
0.00

0.00

U.00
U.00

0.00

0.00
0.00

0.00
0.00

CM246 O.U0 1.98+00 1.95+10 1.95+10 1.93+00 1.72+Jd 5.52.01 0.00 V.U0 0.00 0.00 0.00
C14247 0.0U 1.34-US 1.34-05 1.34-05 1.3q-05 1.34-J5 1.34-UE 1.29-05 8.88-06 2.12_07 0.00

506TUT 4.46+u5 2.86+05 1.00+05 3.69+04 3.31+03 7.45+02 2.45+02 9.09+00 3.76+00 2.40-01 4.52-02 2.80-02

TOTAL 4.46+05 2.86+u5 1.00+05 3.A9+011 3.31+03 7.45+02 2.45+02 9.09400 3.76+00 2.40-01 4.54_02 2.82-02



...P., • • I • •
NW-

PLUTON/UM FUEL FRA4TIO4 IN A rift 3.58 P4R! PIOP8T;k5AFTR 5pARAT1014

POWER ■ 30.U0 MW. BURNUP = 33000.MWD, FLUX= 1.67+13N/CM.11,2-5EC

CHARGE SEPARATION 1.U.OU YR

NUCLIDE THERMAL POwER. wATT5

BASIS w MT HEAVY METAL CHARGED TO

lo0+U1 YR 1.0+02 YR 1.0+03 YR 1.0+04 YR

REACTOR

1.0+05 yrt 1•U+06 YR 1.0+07 YR 1.04.08 YR 1.0+09 YR
TL207 0.00 8.47.10 1846.09 5.85-09 103-0B 2807.08 5.20-Up 4.26-u6 6.39.06 6.33-06 5.80..06 2.41-06

TL208 0.00 7.04.06 5.03.06 4.98.07 1.55-07 2870.11 6.00-11 1.49-09 1.56.08 1.38-07 5.16.07 5.23-07
TL209 0.00 2.89.12 2.93-12 3.66.12 7.98..11 1.31.08 1.76-06 4.66.05 1.116.04 5.41.06 1.19.18 0.00
P8209 0.00 9.23-12 9.37.12 lo1711 2.55-10 4.20.U8 5.64.06 1.49-04 3.39..04 1.73.05 303116 0.00
PB211 0.00 9,39.10 1.65.09 6849709 2.03-08 2.30.08 9.10.06 4.75.06 7.09.06 2803.06 6.44-06 2.67-06

P8212 0.00 1.21.06 8.62-07 8.52.06 2.66-0B 4.62.12 1.03.11 2.55.10 2.67..09 2.36.08 6.84-08 8.95-08
PB214 J.Q0 1.18.11 1.79.11 7.68.11 5.03-09 1.63..06 7833.05 5.76.04 1808..04 3.60.06 3.74-06 3.26-06

81210 0.0U 4.9613 1.01.12 1.4G-II 2.82-09 1876.U6 7.92.135 6.22.04 14.1604 4.10.06 4.04-06 3.52-06
81211 U.OU 1.09..06 1892.08 7.56-08 2.36.07 2.68..07 14.06.06 5853-05 8.25.05 6.18.05 7.50.05 3.11-05
81212 0.00 1.46..05 1.04.05 1.03-06 3.21-07 5.6U-11 1.24.10 3.09.09 3.23..08 2•86.U7 1.07-06 1.08.06

BI21 3 U.U0 4,93..11 5.01 11 6.25-11 1.36-09 2.25.1)7 3.01.05 7.97.04 1.81.03 9.25.05 2.04-17 0.00
B1214 O.U0 6.7'1.11 1802.10 4.39-IU 2.87-08 9.331.16 4.19.04 3.29-03 6.15.04 2.17.U5 2.14-05 1.86-05
P0210 0.00 44.00.12 8.71.12 1.67-10 3.37-08 2.11.05 9.47-04 7.44-03 1.39.03 4.90-U5 4.84-05 4.21-05
p0211 0.uu 3.72-11 6.52.11 2.57-1U 8.04-10 9.11.10 3.60-U9 1.86-07 2.81.07 2.78-07 2.5507 1.06-07
P0212 0.00 24.65.05 2.04.05 201-06 6.28-07 1.09-10 2.43-1u 6.03-09 6.3U.08 5.58-U7 2.09-06 2.12-06

P0213 O.UU 34.90-10 3.96.1U 4.93-10 1.08-08 1.77-u6 2.38-04 6.29-u3 1•4302 7.31-04 1.61_16 0.00
P0214 0.00 2.20.10 3.34.10 1.44-09 9.4U-08 3.u5-uS 1.37-03 1.08.02 2.01..03 7.10.OF 7.00.05 6.10-05
P0215 0.00 1.23.08 2.16.08 6.50-06 2.66-07 3.01-07 1.19-06 6.22.05 9.26.05 9.20.05 6.43-05 3.50-05
P0216 0.00 3.44.05 2.46-05 2.43-06 7.57-07 1.32-1u 2.93-10 7.27-09 7.60.06 6.73.07 2.52..06 2.55-06

P0218 0.00 14.75-10 2.66.10 1.14-09 7.47-08 2.43-05 1.09-03 8.56.03 1.60..03 5.64.05 5.57-05 q.85-05

AT217 U.UU 3.36.10 3.42.10 4.26-10 9.29-09 1.53-u6 2.06-U4 5.43..03 1.23..02 6.31.04 1.39-16 0.00
KN219 0.00 1814.06 1.99.08 7.86..08 2.45..07 2.78-07 8.58.05 8.5005 7.7905 3.24-05
RN220 0.00 3.19.135 2.26..05 2.25-06 7.02-07 1.22-10 2.71-10 6.74-U9 7015.08 6.24-U7 2834-06 2.37-06

RN222 0.OU 1.58.10 2.39.10 1.03-09 6.72-08 2.18.05 9.81-U4 7.7U-03 1.44.03 5.06.05 5.01-05 4.36-05
FR221 0.00 2.96..10 3803.10 3.78-10 6.25-09 I.36-u6 1.82-04 4.82.03 1.10-02 5.60-04 1.23-16 0.00
FR223 0.00 9.94-12 1.61-11 6.36-11 1.99-10 2.25-10 B.92-10 4.66-08 6.95..08 6.89.08 6.31-08 2.62-08

RA223 0.00 9.76.09 1.71.08 6.74-08 2.11-07 2839-07 9.45.07 4.94-05 7.36..05 7.30.05 6.69-05 2.78-05

RA224 000 2.87..05 2805.05 2.03-06 6.33-07 1.10.10 2.45-10 6.08-09 6.36-08 5.63.07 2811..06 2.13-06

RA225 U.00 5.29-12 5.36-12 6.69-12 1.46-10 2.40-06 3.23.06 8.53.05 1.94..04 9.90.06 2818.18 0.00
RA226 0800 1836...10 2808.10 8.92-IU 5.84-0B 1.90.05 8.52.U4 6.69..03 1.25-03 4.41..05 4.35-05 3.79-05
AC225 000 2875.10 2.80-10 3.49-10 7.61-09 1.25.1.46 1.68.04 4.45-03 1.01-02 5.16.04 1814-16 0.00
AC227 0.00 18534-10 2.46.10 9.78.-10 3.06-09 3.46-u9 1.37.08 7.16-07 1.07.)6 1.06-06 9.70..07 4.03.07

TH227 0.00 9.82-09 1.67.08 6.59-08 2.06-07 2..3307 9.23.07 4.82-05 7.19.05 7.13.05 6.53-05 2.71.05

TH228 000 2.79..05 1•96-05 1.94-06 6.06-07 1.08.10 24.34..10 5.62.09 6409..08 5.39.07 2.02-06 24.04.06

TH229 000 2.4"I0 3.07.-1U 6.70-09 1.10.06 14.484 3.92.03 8.90..03 4.55..04 1.00-16 0.00

TH230 000 14.61.07 1.61-07 2.02-07 3.56-06 107..04 14.09.03 6.67.03 1.25..03 4.40.05 4.34-05 3.78..05

TH231 0.U0 54.12.06 2.56..08 2.56..08 2.59-08 3.01-08 1.86.07 1.56-06 1.67-06 1.66.06 1.52-06 6.30..07

TH234 0.00 1.10.04 5.55-07 5.52-07 5.52-07 5.52-07 5.52.07 5.53.07 5.54.07 5.54.07 5.46..07 4.76..07

PA231 000 1.91.07 1.91-07 1.91-07 1.93-07 2.10.07 64.30-07 4.34-U5 6.47.05 6.41.05 5.87-05 2.44.05

PA233 0.00 14.25.04 1.25..04 1.30-04 1.74-04 3.95081 44.88.U4 5.02-04 34875..04 203.05 4.48-18 0800



PLUTONIUM FUEL FRACTION IN A 3.5A ENR. PROPERTIES AFTER SEPARAT10R

PubER = 3U.UU M;1, EURNUP = 33000.M1q), FLUX= 1.67+130/CM••2-5EC

CHAIIGE SEPARATION 1.0+UU YR

MUCLIME THERMAL PCMER, ..ATTS
6ASIS = HT HEAVY METAL CHARGE() TO

1.0+01 yR 1.0+02 YR 1.0+03 YR 1.0+04 YP

REACTOR

1.0+uh YR 1.0+06 YR 1.0+07 Yk 1.0+06 YR 1.0+09 YR

PA234M 0.UL 1.60-03 8.04-06 7.99-06 7.99-06 7.99-06 7.99-06 8.uU-06 8.02-06 8.02-06 7.91-06 6.88-06

PA234 O.UU 2.82-06 1.42-08 1.41-08 1.41-08 1.41-0u 1.41-U8 1.41-08 1.42-08 1.42-08 1.40-08 1.22-08
U232 0.00 4.cS-u7 6.77-07 1.28-06 5.78-07 1.0m-lj 0.00 0.0u 0.0U 0.00 0.00 0.00
U233 O.UU 2.72_09 1.55-U8 1.21-07 1.36-06 2.70-US 4.15-u4 3.76-U3 6.57-03 4.38-U4 1.04..16 0.00
U234 9.50-1,3 3•63_05 9.09-05 7.67-04 7.12-03 1.37-02 1.33-02 1.04-u2 8.71-04 4.48-U5 4.42-05 3.65.05

U235 4.03-04 9.00-U7 9.01-m7 9.m1-07 9.10-07 1.06-06 6.54-06 5.48-05 5.66-05 5.63-05 5.34-05 2.22-05

0236 0.00 6.69-06 6.90-06 7.12-06 1.49-05 1.06-04 6.72-U4 1.04-03 1.02-03 7.83-04 5.76-U5 2.67-16

U237 0.0U 3.91-05 3.71-U5 2.44-05 5.20-07 1.51-07 7.74-OR 9.6u-11 U.00 0.00 0.00 0.00
U238 4.03-03 3.93-05 3.93-05 3.93-05 3.93-05 3.93-05 3.93-05 3.93-05 3•94-05 3•94-0S 3•89-05 3.39-05

NP237 0.00 2.72-03 2.73-u3 2.83-03 3.7E-03 6.5H-u3 1.06-u2 1.09-02 8.15-U3 4.42-04 9.73-17 0.U0
NP239 0.00 2.4b-01 2.48-01 2.47-01 2.45-01 2.26.u1 1.00-01 2.68-05 1.74-08 1.20-U8 2.86-10 1.73-26

PU236 0.60 2.76-U5 2.16-05 2.43-06 7.6u-16 0.n u.00 0.uU u•OU 0.00 0.00 0.00
pu238 4.32+02 2.47.0Li 3.30+01 3.86+01 1.96+01 3.12-02 4.91-20 0.00 N•OU 0.00 0.00 0.00
PU239 4.57+01 1.04-01 1.04-01 1.U6-01 1.23-01 2.57-ul 9.88-U1 1.32-01 4.01-07 2.76-07 6.59-09 3.98-25

PU240 6./U+01 2.52-01 4.01-01 1.51+00 4.10+00 3.82+00 1.52+0C 1.49-04 0•00 0.u0 0..00 0•00
pu241 1.78+01 9.72-02 9.27-02 6.10.-02 1.30-03 3.74..04 1.93..L4 2.4U..07 u•00 U.00 0.00 0.00
PU242 1.83-01 1.59_03 1.59...03 1.59-03 1.63-03 1.78-03 2.25-03 2.11..03 4.07-04 2.90.-11 0.00 0.00
PU243 U.00 9.52-11 1.9U-08 1.90.08 1.9U-08 1.90-.U8 1.90..06 1.9U-08 1.83..08 1.26-06 3.00-10 1.81-26

AM241 3.72+01 3.a3+01 3.834'01 3.67+01 3.50+01 6.53+00 1.56-01 U•OU 0•011 U.OU 0.00
Am242m o.00 1.35_02 1.34-02 1.29-02 8.54-03 1.41-U4 0.00 0.W) 0•00 0•UU U.00 0.00
AM242 o.uo 6.31-02 6.29-02 6.03-02 4.00-02 6.61-04 1.00-21 0.00 0.UU 0.00 U.00 0.00
Am243 o.uo 6.69+00 6.67+eo 6.68+00 6.63+GU 6.11+00 2.70+00 7.79-04 4.71-07 3.24-U7 7.74-09 4.67-25

CM242 u.ou R.65403 1.83+03 1.37+00 9.07-01 1.50-02 2.27-20 0.0u U•00 0.00 0•011 0.00
CM243 ;J.ou 3.12+00 3.06+u0 2.51+00 3.56-0l 0.uo u.up o.ou 0.0U 0•00 u.00 0.00
CM244 o.uu 1.67+03 1.60+03 1.14+03 3.62+01 3.92-14 u.ou O.UU U•00 0•00 0.00 0.00
CO245 u.uu 3.05-01 3.05-01 3.05-01 3.03-01 2.64_01 1.45-01 1.8u-04 0.00 0.00 0.00 0.U0

CM2146 n.00 6.41-02 6.40-02 6.40-02 6.32-02 5.64-U2 1.81-U2 0.00 U•OL 0.110 0•00 0.00

CM247 0.1,0 3.88-07 3.Pb-07 3.86-07 3.88-07 3.88..07 3.87-U7 3.86.-07 3.72-07 2.56-u7 6.11-09 0.00

SUBTOT 6.U0+02 1.04+04 3.52+03 .1.23+03 1.044'02 1.94+01 5.674?00 2.41-U1 8.86-02 5.69-03 9.99..04 5.95.-04

TOTAL 6.00+02 1.04+04 3.52+03 1.23+03 1.04+02 1.94+01 5.67+00 2.41-01 8.88-02 5.69-03 1.00..03 S.97-04



PLUTONIUM FUEL FRACTION IN A PaR 3,54 FNR1 P.ROPc,NTIS AFfER SEpARATION

POOIER = 30.00 MW, BURNUP = 33000•MWD, FLUX= 1•67+13N/CM.1.2-5EC

CHARGE SEPARATION 1.0+00 YR

NUCLIDE INHALATION HAZARD. Mlitib3 OF AIR
BASIS = MT HEAVY METAL CHARGED TO

1.0+01 Yk 1.0+02 YR 1.0+03 YR 1.0+04 YR

AT RCG
REACTOR

1.0+05 YR 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09 YR

TL207 0.00 -2.60-07 -4.91-07 -1.94-06 -6.05-06 -6.86-06 -2.71-U5 -1.42-03 -2.11-03 .2.10-03 -1.92_U3 -7.97-04

TL208 0.00 -3.03-04 -2.16-04 -2.14-05 -6.66-06 -1.16-09 -2.58-09 -6.40-08 -6.69-07 -5.92-06 -2.22-05 -2.25-05

TL209 0.00 -1.77-10 -1.79-10 -2.24-10 -4.88-09 -8.04-07 -1.08-04 -2.85-03 -6.48-03 -3.31-04 -7.29_17 0.00

P8209 9.00 -8.o2-09 -8.15-09 -1.02-08 -2.22-07 -3.65-05 -4.90-03 -1.30-01 -2.95-01 -1.50-02 -3.31-15 0.00

P8210 J.00 409+01 9.57+01 1.13+03 2.68+05 1.68+08 7.52+09 5.91+10 - 1.10+10 3.89+08 3.84+08 3.35+08

P8211 0.00 -2.81_07 -4.92-07 -1.94-06 .6.07-06 -6.88-06 -2.72-05 -1.42-03 -2.12-03 .2.10-03 -1.92-03 -8.00-04

P8212 0.00 1.40+06 1.00+06 9.90+04 3.08+04 5.37+u0 1.19+01 2.96+02 3.10+03 2.74+04 1.03+05 1.0+05

p8219 0.00 -4.84.09 -7.34-0 -3.15-08 -2.06-06 -6.70-04 -3.01-02 -2.36-01 -4.42-02 -1.56-03 -1.54-03 -1.34.03

81210 LI.U0 9.42-01 1.92+00 2.65+01 5.36+03 3.35+06 1.50+08 1.16+09 2.21 4'08 7.79+06 7.66+06 6.69+06

81211 0.00 -2.81-07 -4.92-07 -1.94-06 -6.07_06 -6.88-06 -2.72-05 -1.42-03 -2.12-03 -2.10-U3 -1.92-U3 -8.00-04

B1212 u.00 2.80+05 2.00+05 1,40+04 6,1 7+03 1.07*00 2.39+00 5.92+01 6.19+02 5.49+03 2.05+04 2.08+04

81213 u.00 -6.02-09 -8.15-G9 -1.02-08 -2.22-07 -3.65.05 -4.90-03 -1.30-01 -2.95-01 -1.50-02 -3.31-15 0.00

111214 0.00 -4.64-09 -7.34-09 -3.15-06 -2.06-06 -6.70-U4 -3.01-fJ2 -2.36-01 -4.42-02 -1.56-03 -1.54-03 -1.34-03

P0210 J.00 1.82+01 3.95+31 7.58+02 1.53+05 9.57+07 4.30+09 3.38+10 6.31+09 2.23+08 2.20+08 1.91+08

P0211 C.00 -8.43-10 -1.48-09 -5.82-09 -1.82-08 -2.06-u8 -8.16-08 -4.26-06 -6.36-06 -6.30-06 -5.77-06 .2.40-06

P0212 3.00 -5.38-04 -3.84-04 -3.80-05 -1.18-05 -2.06-09 .4.58-09 -1.14-07 -1.19-06 -1.05-65 -3.94-05 -3.99-05

P0213 0.00 -7,65-09 -7097.a9 -9.94.09 -2.17-07 -3.57-05 -4.80-U3 -1.27-01 -2.88-01 -1.47-02 -3.24-15 0.00

P0214 0.00 -4.64-09 -7.34-09 -3.15-08 -2.06-06 -6.70-04 -3.01-02 -2.36-01 -4.42-02 -1.56-03 -1.54-03 -1.34-03

P0215 0.00 -2.81-07 -4.92-07 -1.94-06 -6.07-06 -6.608-06 -2.72-05 -1.42-03 -2.12-03 -2.10-03 -1.92-03 -8.00-04

P0216 0.00 -8.40-04 -6.01-04 -5.94-05 -1.85-05 -3.22-U9 -7.16-09 -1.7d-U7 -1.86-06 -1.65-05 -6.16-05 -6.24-05

P0218 U.00 -4.84-09 -7.34-09 -3.15-08 -2.06-06 -6.70-04 -3.01-02 -2.36-01 -4.42-02 -1.56-03 -1.54-03 -1.34-03

AT217 0.00 -8.02-09 -8.15-09 -1.02-06 -2.22-07 -3.65-05 -4.90-03 -1.30-01 -2.95-01 .1.50.02 -3.31-15 0.00

NN21/ 0.00 -2081-07 -4.92-07 -1.94-06 -6.07-06 -6.88-06 -2.72-05 -1.42-03 -2.12-03 -2.10-03 -1.92-03 -8.00-04

RN220 0.00 6.40+04 6.01+04 5.94+03 1.85+03 3.22-01 7.16-01 1.78+01 1.86+02 1.65+03 6.16+03 6.24+03

RN222 0.00 1.61+00 2.45+00 1.05+01 6.88+02 2.23+05 1.00+07 7.88+07 1.47+07 5.19+05 5.12+05 4.46+05

FR221 3.00 -8.02-09 -6.15-09 -1.02-08 -2.22-07 -3.65-05 -4.90-03 -1.30-01 -2.95-01 -1.50-02 -3.31-15 0.00

FR223 0.00 -4.24-09 -6.88-09 -2.72-08 -B.49-08 -9.63-08 -3.81-07 -1.99-U5 -2.97-05 -2.94-05 -2.69-05 -1.12-05

RA223 0.00 3.51+04 6.15+u4 2.43+05 7.58+05 8.60+u5 3.40+06 1.78+u3 2.65+08 2.63+08 2.41+08 1.00+08

RA224 0.00 4,20+07 3,00+07 2.97+06 9.25+05 1.61+02 3.56+02 8.68+03 9.29+04 8.23+05 3.08+06 3.12+06

kA225 0.00 1.61+02 1.63+02 2.03+02 4.43+03 7.31+05 9.81+07 2.59+09 5.89+09 3.01+08 6.62-05 0.00

RA226 0.00 2.44+03 3.67+U3 1.58+04 1.03+06 3.35+08 1050+10 1.18+11 2.21+10 7.79+08 7.68+08 6.69+08

RA228 0.00 5.69-01 1.00+00 3.47+00 6.86+00 1.07+02 7.16+03 1.78+05 1.86+06 1.65+07 6.16+07 6.24+07

Ac225 0.00 -8.02_09 -8.15-09 -1.02-118 -2.22-07 -3.65-05 -4.90-03 1.30-01 -2.95-01 -1.50-02 -3.31-15 0.00 .

AC227 0.00 3.79+06 6.14+06 2.43+07 7.58+07 8.60+07 3.40+08 1.78+10 2.65+10 2.63+10 2.41+10 1.00+10

AC228 0,00 9.46,04 1,67-03 5,70-04 1,11-02 1.78-01 1.19+01 2.96+02 3.10+03 2.74+04 1.03+05 1.04+05

TH227 0.00 4.76+04 8.09+04 3.19+05 9.97+05 1.13+06 4.47+06 2.34+06 3.48+08 3.45+08 3.16+08 1.31+08

TH228 0.00 4.26+09 2.99+09 2.96+08 9.25+07 1.65+04 3.58+04 8.86+05 9.29+06 8.23+07 3.08+08 3.12+08

TH229 0.00 1.01+05 1.02+05 1.27+05 2.77+06 4.57+08 6.13+10 1.62+12 3.68+12 1.88+11 4.15-02 0.00

TH230 0.00 7.10+07 7.12+07 8.93+07 1.57+09 4.74+10 4.84+11 2.95+12 5.52+11 1.95+10 1.92+10 1.67+10

TH231 0.00 1.62+05 8.11+02 8.12+02 8.20+02 9.56+02 5.89+03 4.94+04 5.30+04 5.25+04 4.81+04 2.00+04



PLUTuq1,1M FUEL FRACTIOA It; A p“? 3.5% ErR. 88010ERTIrL5 AFTER SEPARATION

80.0ER = 30.00 RUhr4UP = 33000.mhp, FLUX= 1.67+1314/Cmg.2-SEC

NUCLIOE 1kHALATION HAZARD. Mi.,0 3 OF AIR AT kCG

bASIS = mt HEAvy METAL CHARGEI. TO REAcTOR

TH232
TH234

P4231
PA233
PA2341.!

PA234
U232

U233

U234

U235
U236

U237
U238

NP237

NP239
P0236

PU238

PU239
PU240

PU24I

Pu242

pu243

AM241
Am242m

Am242

Am243

CM242
Cm2113

Ch244

CM245

CM246
CM247

SUbTOT

TOTAL

cHARGE

0.00

0.00
0.00

3.UU
0.00

u.L10

o.OU

J.LU

8.25+10
3.6.3+09

0.00
0.03

I.u6+11

0.0U

u.OU

0.00
1./16+i7

2.45+16
3.59+16

1.43+1 7

1.J3+I9

0•0U
'1.58+15

u.AU
0.00

0.:10

0.00

U.UU
0.00

C.00

0.00

0.00
3.95+17

3.95+17

5EPARATI0i4

5.00+UU

3.11+08
1.57+J8

1.54+07
-3.11-01

-3.11-04

I.61+u7
2.34+uy

3.33+0b

8.11+06
6.35+07
-5.80-02

5.18+08

9.25+11
9.16+09

-7.93-04

I.u 7+15
5.58+13

1.35+14

7.TI+14

6.95+11

1.12+u0
5.74+15

2.32+14

4.73+10
9.16+14

5.87+16

4.25+14
1•59+17

4.89+13

9.78+12

6.72+07

2.27+17

2.27+17

1.0+00 YR 1.0+01 YR 1.0+02 YR 1.0+03 Yu

5.01+90 5.12+00 6.86+00 1.07+112

1.56+06 1.55+06 1.55+06 1.55+06

1.57+08 1.57+08 1.58+08 1.72+08

1.55+07 1.60+07 2.15407 4.87+07

-1.56-03 -1.55-03 -1.55-03 -1.55-03

-1.56-06 -1.55-06 -1.55-06 -1.55-06

2.34+07 4.44+07 2.00+07 3.46+03

1.33+15 1.0+06 1.19+07 2.32+08

7.90+,18 8.40+09 6.19+10 1.19+11
8.11+06 9.12+06 8.20+06 9.56+06

6.36+17 6.57+07 1.38+08 9.76+08

_s.59-m2 -3.68-a2 -7.84-04 -2.28-04

(,.18+08 5.1P+08 5.18+08 5.18+06

9.28+11 9.62+11 1.29+12 2.92+12

9.16+09 9.15+09 9.08+09 8.37+09

-6.22-04 -6.97-05 -2.1U-14 0.0U

1.42+16 1.06+16 6.4d+15 1.35+13

5.60+13 5.71+13 6.60+13 1.38+14

2.15+14 8.10+14 2.20+15 2.04+15

7.4 +19 4.9u+14 1.04+13 3.03+12
8.96+11 8.99+11 9.224 11 1.01+12

2.24+02 2.24+02 2.24+U2 2.24+02

5.75+15 5., 79+ 1 5 5• 24+ 1 S 1 • 28+ 1 5

2.36.6 14 2.26+14 1.50+14 2.4e+12

4.71+10 4.52+10 3.00+10 4.96+03

9.16+14 9.15+14 9.08+14 8.37+14

1.24+16 9.28+12 6.15+12 1.02+11
4.16+14 3.42+14 4.87+13 0.00

1.53+17 1.08+17 3.45+15 3.74+0U

4.89+13 4.e9+13 4.86+13 4.54+13

9.77+12 9.76+12 9.65+12 8.61+12

6.72+07 6.72+07 6.72+07 6.72+07

1.88+17 1.34+1 7 2.06+16 4.37+15

I.P8+17 1.34+17 2.06+16 4.37+15

1.0+04 Yg
7.16+03

1.55+,16
6.80+08

6.02+,17
-1.55_03

-1.55_u6

0.00

3.56+09

1.16+11
5.89407

6.20+09

-1.17-U4

5.18+08

3.61+17
3.70+09

u.00

2.12-05

5.30+14

8.13+14
1.55+12

1.27+12

2.24+07

2.33+13
0.00

7.50-10

3.70+14
1.54-07

u.no

0.00
2.33+13

2•76+12

6.72+07
1.77+15

1.77+15

1.0+05 YR

1.78+05
1.55+06

3.55+10

6.19+07
1.55_03

-1.55.06

0.0U

3.23+10

9.1.11+In
4.94+0

9.62+09

-1.46-07

s.18+on
3.71+12
1.07+06

003U

0.00
7.10+13
8.uu+10
1.93+09
1.19+12

2.23+02
2.89+1u

0.00

0.0U

1.1;7+11

0.00

0.0U

0.00

2.89+10

0.00
6.69+07

8.11+13

8.11+13

1.0+06 YR
1.86+06

1.56+06

5.30+10
4.62+07

-1.56-03
-1.56_06

0.00

7.36+10
7.57+09

5.30+08

7.38+09

0.00
5.20+08
2.77+12

6.45+02

u.no

u.ou

2.154'08

u.no
0.00

2.30+11

2.15+02

o.00
u.00

0.00
6.45+07

U.00

0.00

0.00

0.00

0.00
6.45+07

7.46+12

7.46+12

1.0+07 YP

1.65+07

I • 136+06

5.25+1p

2.51+06

-1.56-03

-1.56-06

0.00

3.76+09

3.89+08

5.25+08

7.22+09

0.00

5.1 9+08
1.50+11
4.44+02

0.00

0.110

1.48+05

0.00

0.00
1.64+04

1.43+112
0.00
0.00

0.00
4.44+07

0.00

0.00
O.U0

0.0U

0.00

4.44+07

4.52+11

4.52+11

1.0+08 YR

6.16+07
1.54+06

4.81+10
5.52-07

.1.54_03

-1.54-06

0.00
8.96-04

3.84+08

4.81+08
5.31+08
U.00

5.12+013

3.31-J2

1806+01
0800

0.00
3.53+06

0000

0800

0.00

3.53+00

0.00

U.00
0.00
1.06+06

0.00

0.00
0.00

0.00
0.00

1.06+06

9.57+10

9.s7+10

1.0+09 YR

6824+07

1.34+06

2.00+10

o.on
-1.34-03

-1.34-06

0.00

0.00
3.35+08

2800+08
2847..j3

0.00
4.46+08

0.00
6839-16

0800

0.00

24113...10

0.00

0.00

o.uo
28,1316

0.00

0.00

0.00

6.39-.11
0.00

0.00
0.00

0000
0.00

0800

4.96+10
4.96+10



PLUTONJUM FUEL FRAcTION IN A PY!.R 4.5§ ENR. pROpRT1E5 AFTER sEpApP,TIOH

POWER • 30.00 m6. BURNOP = 330000M40. FLUX= 1.67+13N/CM#0.025EC

NUCLIDE INGESTION HAZARD* M.413 OF WATER

BASIS a HT HEAVY METAL CHARGED TO
AT RCG
REACTOR

CHARGE SEPARATION 100+00 YR 1.0+01 Yk 1.0+02 YR 1.0+03 YR 1.0+04 YR 1.0+05 Yk 1.0+06 YR 1 .0+07 YR 1.0+08 YR 1.0+09 YR

TL207 0.00 -2.80-07 -6.d6-06 2071.05 +1.42.03 2.1103 -1.92-03 ..7•9704

TL206 a.u0 .3.03.04 2.16(74 ..2014-05 -6.66-06 -1.16-u9 .-2056.09 -6.40-08 -6.69-07 .5o9206 ..2022.05

TL209 0.00 -1.7910 2.24.•10 .4.11609 -8.04-07 1.06041 -2.85-03 3.31.14 74,29.17 0.00

pB209 0.00 0.8.1509 1.02...08 -2.22-07 .3.65.05 -4.90-U3 -1.30-01 2095(11 1.o5002 3031.15 0000

PB210 0000 1.9103 3.0.3 04 5.31.702 1,074-01 6.70+03 3.01+05 2.36+06 4.42+05 1056+04 1.54+04 1034+04

P8211 U.UO -4.92-07 -1.94-06 -6.07-06 ..6,6611k +2072.05 +1.42.03 -2.12-03 2.10o-03 +1.92.03

PB212 O.UO 4.20+01 3.00+01 2.97+00 9.25-01 1.61..64 3.58-04 9.29-02 6,23..01 3.06+00 3.12+00

PB214 0.00 .4.64.09 -7.34-09 -3.15-08 -2.06-06 45.7004 34.0102 2•36..01 .4.42-02 1.34.03

81210 0.0U 4.71.-06 9.58-06 1.33-04 2.68-02 1.66+01 7.52+02 5.91+03 1010+03 3.69+01 3.84+01 3*35.001

61211 O.JO -4.92-07 -1.94-06 ..6.07.06 -6.88-06 +2.72.05 +I•42.03 -2.12-03 -1.92_03

81 212 0000 2010+00 1,50+00 1046.•01 4.6302 8.06.06 1.79-05 4.44.04 4.65.03 4.11-02 1.54-01 1056..01

01213 0000 .6.02-09 .8.15 09 -1*(12...06 2.22.07 -3.65.U5 -4.90-u3 .2.9501 -3.31-15 0.00

61214 0.Q0 .4.64.09 -7.34-09 ..3.15-08 2.060.06 -6.7U_U4 -3.01-02 2.36.01 -4.4202 .1.54.03 .1.34.03

P0210 0000 1.82.04 3.9504 7.5803 1053+00 9.57+02 4.30+04 3.36+05 6031+04 2.23+03 2020+03 1091+03

P0211 U0U0 -8.43-10 -1048..09 -5.82-09 -2.06.06 ..(1.16-08 -4.26-06 .A*30.06 5.77.06 -2.40-06

P0212 0.60 -5.36.04 -3.84-04 -3.80-05 -1.18-05 200609 +101407 ..1•19.06 .-1*0505 -3.94_05 -3.99-05

P0213 0000 7/06509 -7.97-09 -9.94-09 -2.17-07 ..3.57o.05 -4.18003 1•27.01 -2.88-01 .1.4702 -3.24-15 0.00

P0214 0.0U -7.34-09 ..3.1506 2.0606 ..6o7004 3.01*.02 +2.36.01 -4.42-02 .1.56.03 +1.54.03 -1.34-03

P0215 U.U0 -4.92-07 +.149406 -6.07-06 6.68.06 -2.12-03 -2.10-03 1•92.03

P0216 U.OU .6.4U-04 ...6.01.-04 -5.94-05 -1.85-05 -3.22-09 7.16.009 -6.16-05

P0216 0.00 7.34 09 -2.0-06 -6.70-04 3.01-02 2.36.01 .4*4202 1.56-.113 1.54.03 +1.34.03

AT217 0.00 -8•1J2_0
9 _8.15_09 .1.02.06 ..2.22-07 -3.65-05 ..4o90.03 -2•9501 -3.31_15 0000

RN219 U.00 -2.81-07 ..4.92..07 -1.94-06 -6.07-06 -6.88-06 +.2.72.05 1.42-03 21.1203 2.1003 71.92-03 -8.00-04

RN220 0.00 -8.40-04 ..5.94.05 .1.85-05 0.3022-09 .7.16.09 1.76.07 -1.86-06 1.65135 -6.16.05 -6.24-05

RN222 0.00 ..301506 3.0102 2*36.01 -4.42-02 1,56.03 -1.54-03 1.34.03

FR221 U.00 .6.02+09 -8.15-09 -1.02-08 -2.22-07 -3.65-05 -4090..03 2.9501 -1.50-02 0000

FR223 0.00 ..4*24.09 .-6.680.09 -2.72-08 -8.49-08 1*99.05 ..2•97.05 1•1205

RA223 0.00 4*0101 7.03-01 2.77+00 6066+00 9.82+00 3089+01 2.03+03 3.03+03 3.00+03 2075+03 10140.03

RA224 LI.U0 4•2Q+P2 3.00+C2 2197+01 90.2 +141 1.6103 3.56.03 8.6602 9.2901 8.23+00 3.08+01 3.12+01

RA225 0000 1.34.-02 1.3602 1.69-02 3.7001 6.09+01 8017+03 2.16+05 4.91+05 2.51+04 5.52-09 0000

RA226 0000 1.62..01 2.45-01 1.05+00 6.88+01 2.23+114 1o00+1.16 7•68+06 1.47+06 5.19+04 5.12+04 4.46+04

RA228 0.00 1.9005 3.3505 1.16+.04 202904 3.55-03 2.39-U1 5.92+00 6.19+01 5.49+02 2.05+03 2.08+03

AC225 0.00 .6.02.09 8.15-09 -1.02-08 -2.22-07 -3.65-05 4090-03 .1030.-01 2.95.01 1050..02 3.31.15 0.00

AC227 0.00 1.5201 2.46-01 9.70-01 3.03+00 3.44+00 1036+01 7.11+02 1.06+03 1.05+03 9.62+02 4.00+02

AC228 0.1.10 6.42-09 1012+08 4,0708 , 7.62-08 1016..06 7095.05 1.47..03 2.06-02 10a3011 6065.01 6093.-01

TH227 0.00 1.43.02 2.43-02 9.57-02 2.99-01 3039.01 1.34+00 7.01+01 1.05+02 1.04+02 9.49+01 3.94+01

TH228 0.00 1022+02 6.54+01 8.46+00 2.64+00 4.73..04 1.0203 2.54..02 2*6501 2035+00 6.80+00 8.91+00

TH229 0.00 4.06.-03 4.08-03 5.08-03 1.11-01 1083+01 2.45+03 6.46+04 1.47+05 7.52+03 1.660V 0.00

TH230 0.00 2.84+00 2.85+00 3.57+00 6.30+01 1.69+03 1.93+04 1016+05 2.21+04 7.79+02 7068+02 6.69+02

TH231 0.00 3,25+01 1.62-01 1.62-01 1.64-01 1.91..01 1018+00 9•68+00 1006+01 1.05+01 9.62+00 4.00+00



PLUTONIUM FUEL FRACTION IN A FIkR 105% ENR. PROPERTIES AFTER SEPARATION

' 30.00 M,4 0 BURAUF = 330006MPB, FLUX= 1067+1311/CM04.2..SEC

ChAc‘GE

TH232 0000
Th234 0.00

PA231 0006

PA233 00u0

1'A 234M 1000

PA234 0.00

U232 0000
U233 0.00

0234 1.10+04
0235 40444+02

u236 u.J0
0237 0.00

U238 7.43+03

NP237 0.00

NP239 U.UU
PU236 0000

P0230 2061+o,

PU239 7.94+08

PU24o 4030+08
PU29 1 2.14+04

PU242 1024+1;6

P0243 00 ,-10

AM241 207940(16

AM292h; u.oc

AN4242 0.00

AM243 00DU
CM242 0.00

CP4243 0000
CM244 0.00

CM245 04070

CP246 0.00
CM247 0000

SUbTUT 5.76+0/

TOTAL 5076+09

SEPARATION

2050..06

1055+04

6.96+00

9.23+02

4.63.01
3.114.03

40 43+01

1•0',+00

50S7+Ou

3.86+01

30U6+04

16E3+06

.47.93..04

1049+07

6•70+0S

14.62+06

14.1/+e7

1001+04

2024..04

20847+08

1•18+07

4.73+05

4.E8+07

1.17+10

1070+07

6080+09

2045+06
4009+4_15

3036+00

1064+10
1.89+10

1.0+00 YR

2.50-U6

7.81+11
6.964.:;0

9.26+02

-1.56-03

-1.56-56

7.03-01
1.77-02

1.W1+02

1.08+30

b.44+UO

3.88+1

3.09+04

1.63+06

..6022..04

t).72+05

2•57+N6

1012+1.7

100/+j4
4.48..02
2.87+08

1016+07

4071+05
4•58+07

2.48+09
1.66+07

6 • 55+09
2404540L46

908940[15

3036+00

9.61+U9

9.61+09

NUCLIUE INGISTIUN HAZARO, ho..3 0F CIATER ATRCG

BASIS • MT HEAVY FiFTAL CHARGLu TO REACTOR

1.0+01 YR
2.56-06

7.077+01
6.97+00

9.62+02
-1.55-03

.1055..06

1033+00
1.39-01

1.12+03

1.08+OU

8.76+00

-3.61-02

3.84+01

1.21+04

1.63+U6

2033+Mt.

6.854015

4•72+06

7035+06

1•UF+04
4.4F-02

2.90+08

1.13+07
4052+05

405'1+07

106+06

1.37+07

4.64+09

2.45+06

4.88+05

3036+00

5.26+09

5.26+09

100+02 YR
3.43-06

7077+01

7003+00

1029+03
'1055,.03

-1.55-06

6.01-01
1.5Y+00

e;.V.)+03

1.09+00
1.49+01

-7.R9-09

3.813+01

4.29+04

1.b2+36

-2.16-19

1.19+0c

7.91+05
2.63+07
1057+05,

1011+04
44048..02

20624008

7.50+06

3.00+05

4.54+07

1.23+06

1.95+06
1048+00

2043+06

4.83+05

3036+00

6.17+04
6017+08

1.0+133 YR 1.0+04 YR 1.0+L5 YR 1

5.33-05 3.58-03 6.85..07

7.77+01 7.77+01 7.77+01
7.64+00 3.02+01 1.58+03

2.92+L3 3.61+03 3.71+03

1.5S-63 -1.55-03 ..14055..03

14155..06 ^1.55.406 -1.55-06

1.04-04 0.00 O.UU
3.119+01 4.75+02 9.31+03

140SC+04 1.54+U6 1020+04

1027+00 74086040.-J 6.56+0 1

1.30+62 6.29+02 1020+03

..1017+04

3.814+01 3.88+111 3.6Y+01

9.73+u4 1020+05 1.424+U5

1.67+06 7.41+05 2.13+02

OeU0 e.00 0.uu

1.ti9+0 2.97-13 0.uu

1.16+06 6.36+06 8.52+05

2.45+07 9.75+06 4.60+02

4055+04 2633+04 2089+01

1.21+U4 1.52+04 1043+04

4.'"02 40413+07 9646..02

64039+07 1.17+06 1045+03
1024+05 0.00 

0000

4046+03 7.50-1s 0.00

9.18+07 1.85+37 5.33+„

2.03+01, 3.08-19 0.00

0.00 6.00 0.0U

1060..07 J000 0000

2027+06 1016+06 14044+03

4031+05 1.38+05 0...U0
3.364140n 3.36+00 3.35+00

1.37+08 3.99+07 1.20+07

1.37+0b 3.94+07 1.20+07

.0+06 YR 1.0+07 YR

9.29-01 8.23+00
7.79+01 7.79+01

2.36+03
2.77+03

-1.56_03

-1.56-06

0.00
9.81+03

1.01+03

7.07+01

1.25+03

0.0U

3090+01
9.25+04

1029..01

0.00

0000

24056+00

0000

0000
2076+03

4030..02

0000

0000

U.00

3022+00

U.00

U.00

U.00

0.00

0.0U

3.22+00

2.76+06

2.76+06

2.33+03

1.S9+02
_1.56_03

-1.56-06

0.00

5.02+02

5.19+01

7.00+01

9.63+02

0.00
3.89+ul

5002+03
A.80..C2

0000

0.00

1.78+00

0.00

0.00

1.97-us

2.96-02

0.00

0.00

0.00

2.22+00

0.00

0.00

11.00

0.00

0.00

2.22+60
1.174.0F,

1.17+05

1.0+0d YR

3.08+01
7.68+01

2.19+03

3.31-11
-1.54_03

-1.54-06

0.00

1.19-10

5.12+01

6.92+01

7.08+01

0.00
3.84+01

1.10-09

2.I2-U3

0.00

U.00

4.24-02

U.00

0.0U

0.00

7.07-04

0.00
Li.00
u.ou
5.30-02
o.00
0.00
u.00
cs.00
(.1.00
5.30-02

7.80+09

7000+04

1.0+09 YR

3.12+01

6069+01

6.09+02

U.00

-1.34-03
-1.34-06

0.00

0.00
4.464001

2067+01

3024..10
0000

3035+01

0000

1028..14

0.00

0000

205618

0.00

0.00

0000

4026.42U

0.00

0000

0.00

3.20-18

0.00

0.00

o.un
(1.00
0000

0.00
6.54+09

6.511+04



2.D.15 BNWL-1900

LWR-PLANT WASTE, Pu FUEL FRACTION

Fission Products

1

1

1

P

I

I



PLUTONIUM FUEL FRACTION IN A P.!? 3. bz v‘tuFLRTIEs A1TER

PONEK = 30.0u 114, 50f10UP = 33000.MD, FLUX= 1.67+130/CMsoi-SFC

AUclior cu,,,CLAITRA11005. GRAMS
mT HEAVY METAL CHkRGE) TO REAcT6R

CHA'.GE SEPAR4T/U0 1.0+0C, Yq 1.J4.01 YR 1.0+02 YR 1.0+U3 YK 1.0+04 YR 1.04.uS YR 1.0+06 YR
14 3 J.J0 9.40-02 b.d9-J2 5.35-02 3.36-04 0.00

'1".111(2)-U2
0.UU 0.00

uE 72 0.00 1.12-02 1.12-62 1.12-92 1.12-02 1.12-u2 1.12-u2 1.12-02

GE 73 9.00 1./8-02 1.98-P2 1.98-02 1.98-02 1.9b-U2 1.9-07 1.98-62 1.98-02

GC 74 9.00 7.91-02 7.91-1,2 7.91-02 7.91-02 7.91-U2 7.91-02 7.91-02 7.91-02

A5
GE

75
76

0.00

.).U0

6.42-02

3.19-01

E.42-02

3.19-T1

3.42-02

3.19-01

P.42-02

3.17-01

8.42-U2
3.19-01

8.42-02

3.19-01

8.42-02

3.19-01

i.42-02

3.19-01
sF 76 0.90 1.63-U3 1.63-03 1.63-03 1.63-03 1.63-03 1.63-u3 1.63-03 1.63-03

SE 77 0.JU 1.05+00 1.0b+N0 1.e54.00 1.05+00 1.054.uu 1.0S+1Jr 1.0+00 1.05+00

SE 78 0.NO 2.79+Ou 2.79+00 2.79+00 2.79+90 2.79+0E 2.794.00 2.79+00 2.79+00

SE 19 0.00 4.80+Uu 4.8U+0n 4.79+00 4.7/+U0 4.74+00 4.31+u0 1.65+00 1.12-04
BR 79 U•OU 5.11-04 6.62-;)4 1.u2-03 5.62-03 5.14-u2 4.85-01 3.14+00 4.80+00

SE 80 0.00 9.15+00 8.15+00 8.15+00 6.15+00 8.15+00 6.15+00 8.1S+U0 8.15+00

KR 80 0.00 3.26-u1 3.26-01 3.26-01 3.26-01 3.26-01 3.26-ul 3.26-01 3.26-01
8R El 0.1,U 1.40+Ul 1.40+)21 I•4 4.01 1.40+01 1.4u+01 1.40+01 1.4U+01
Kk 8 1 0.C3 1.62-UI 1.,,2-01 1.62-01 1.62-01 1.62-u1 1.62-J1 1:11,24.-: 1.62-01
SE 82 0.00 2.57+01 2.57+01 2.57+01 2.57+01 2.57+01 2.57+01 2.51+01 -1:(5)794..
KR
KR

62
E'3

i.00
0.-)U

4.U9-01
3.25+01

4.09-01

3.254.!.11

4.r9-01

3.25+11

4.09-0l

3.25+01

4.09-UI

3.24.01 43..fg:tt)J1
4;:.(1;d:+1 .;:f:++ LO):KR 84 0.00 7.18+01 7.18+,1 7.16+01 7.18+01 7.1',4.01 7.18+01

KR ti 'i.:JU 1.77+01 1.66. -/1 9.34+UC 2.9u-02 2.41-2,7 0.00 0.JC
R8 55 0 • ij 0 5.67+01 5.98+01 6.71+01 7.64+01 7.65+01 7.65+01 7.65+01 =+01
KR 86 0.00 1.144.02 1.14+1,2 1.14+02 1.14+02 1.14+02 1.1 4+02 1.14+02 1.14+02
KE1

SR

hh

86
O.UU
0.00

9.10-U6

4.4S-02

1.20-11
4.46-J2 1=02

u.00
4.46-02

0.00
4.46-02 4.46-02

J1:::+02

0.0u
4.46-02

U•OU
4.46-02

R8 b7 U•;A1 1.40+02 1.40+02 1.40+02 1.40+02 1.40+02 1.4U*U2 1.40+02
Sk b7 A.00 9.52-06 9.52-06 9.54-06 9.71-06 1.15-05 -52.8/0 2.03-04 1.94-03

5N e8 J.'AU 2.12+02 2.12+u2 2.12+02 2.12+02 2.12+U2 2.12+02 2.12+02 2.12+02
SR 89 9.00 2.44+00 1.87-02 1.77-21 0.00 O.Ulj U.00 0.00 0.00
Y

SR

t$9

90
0.00
0.00

2.66+02
3.23+U2

2.68+02

3.15+o2
2.69+02
2.52+02

2.68+ 02
2.74+01

2.68+U2
6.29.09

1 ../1.J2
0

2.0.'4.02 2.68+02

Y 9 0 0.00 4.39-02 P.18-02 6.55-02 7.12-03 1.63-12 0.00 = tEji.g0)
ZR 90 0.0 U 1.54+10 2.32+01 8.59+10 3.11+02 3.38+02 3.38+u2 3.38+02 3.38+02
Y 91 0.jU 4.75+00 6.68-02 9.99-19 0.00 O.U0 G.00 0.110 0.00

ZR 91 0.00 3.93+02 3.98+U2 3.98+02 3.98+02 3.904.02 3.98+02 3.98+02 3.98+02
LH 92 0.00 4.68+02 4.68+02 4.68+02 4.68+02 4.68+02 4.68+92 4.614+02 4.68+02

Z14 93 0.U0 5.69+02 5.69+02 5.69+02 5.69+02 5.69+u2 5.67+U2 5.44+02 3.59+02

N8 93N 0.u0 4.79-04 7.11-04 2.35-03 5.13-03 5.16-03 5.14-03 4.93-03 3.25-03
WI 93 O.J0 2.87-05 5.91-05 7.89-04 2.17-02 2.58-01 2.62+00 2.57+01 2.11+02

ZR 94 0.3U 6.54+02 6.54+02 6.54+02 6.54+02 6.54+02 6.54+02 6.54+02 6.54+02
ZR 95 0.00 1.22+01 2.48-01 1.5E-16 L.00 0.00 0.00 0.00 0.00

1.9+07 YR 1.u+ne YR 1.0+07 YR

IlinirL(12 11".(1102 T.21102

1.9h-02 1.98-02 1.98-02

7.71-02 7.91-02 7.91-02
8.42-02 8.42-02 8.42-02

3.19-01 3.19-01 3.19-01

1.63-U3 1.63-03 1.63-03

1.05+00 1.05+00 1.05+00

2.77+00 2.79+00 2.79+00

0.00 0.00 0.00
4.80+00 4.80+00 4.80+00

8.15+00 8.15+00 8.15+00
3.26-01 3.26-01 3.26-01

1.40+01
1.62-01

1.40+01
1.62-01

1.40+01

1.62-01
N.)

.24279:t6i: '1:(5)79+20): ,24:N:C01:
CT

!E 

3.25+01 3.25+01

7.18+017.18+U1

7.65+01C11.3
0.00 0.00

7.65+01

1.14+02 1.14+02 1.14+02

('34,42-02 4.416)-02 4.46-02

1.40+02 1.39+02 131.03:+02

1.94-02 1.93-01 1.92+00

2.12+02 2.12+02 2.12+02

2.68+02
0.0u 0.00

[21... 1;+02 2.68+02

0.130 0.00 0.00
0.00

= 
0.00

+02 3.38+02 3.38+02

0.00
3.98+023.98+02 C-I3.9o8+02 
0.00

4.68+U2 4.68+02 4.68+02
5.61+00 4.91-18 0.00

5.69+02
5.09-05 4.45-23 0.00

5.69+02

:4422

:::
6.54402 6.54+02
0.00 0.000.00



PLUTONIUM FULL FRACTiON IN A PAR 3t ENR. 1:01 171c5 AFTER 5EPARATI9N

PONER = 30.00 M41 BURNUP = 33000.M40, FLUX= 1.67+13N/CM*62-5EC

NUCLI0E CONCENTRATIONS, GRAMS

BASIS = MT HEAVY METAL CHARGED TO REACTOR

NB 95M
NB 95

CHARGE
0.00
0.00

SEPARAT1UN
1.49..02
1.23+01

1.0+00 YR
3.04-04
2.96-01

1 .0+01 YR

1.83+19
1.74-16

1.0+02 YR

0.00
0.00

1.0+03 YR
0.00
0.00

1.0+04 YR
C.00

0.00

1.0+05 YR
0.00
0.00

1.0+06 YR
0.00

U.00

1.0+07 YR
0.00
0.00

I .0+08 YR
0.00
0.00

1.0+09 YR
0.00
0.00

MO 95 0.00 6.68+02 6.92+02 6.93+132 6.93+02 6.93+02 6.93+02 6.93+02 6.93+02 6.93+02 6.93+02 6.93+02

LR 96 0.00 7.48+02 7.48+02 7.46+02 7.48+02 7.48+02 7.48+02 7.48+02 7.48+02 7.48+02 7.48+02 7.48+02

MO 96 0.00 3,04+01 3t01+QI 3.04+01 3.04+01 3.04+01 3.04+01 3.04+01 3.04+01 3.04+01 3.04+01 3.04+01

MO 97 0.00 7.99+02 7.99+02 7.99+02 7.99+02 7.99+02 7.99+02 7.99+02 7.99+02 7.99+02 7.99+02 2.99+02

MO 98 0.00 8.52+02 8.52+02 8.52+02 8.52+02 8.52+02 8.52+02 8.52+02 8.52+02 8.52+02 8.52+02 8.52+02

TC 99 0.00 8.50+02 8.50+02 8.50+02 8.49+02 8.47+02 8.22+02 6.13+02 3.23+01 5.41-12 0.00 0.00

RU 99 0.00 5.36-03 8,16..03 3.32-02 2.83..01 2.78+00 2.73+01 2.37+02 8.17+02 8.50+02 8.50+02 8.50+02

M0100 0.00 1.03+03 1.03+03 1.03+03 1.03+03 1.03+03 1.03+03 1.03+03 1.03+03 1.03+03 1.03+03 1.03+03

RU100 0.00 4,61+01 4.61+01 4.61+01 4.61+01 4.61+01 4.61+01 4.61+01 4.61+01 4.61+01 4.61+01 4.61+01

RU101 0.00 8.39+02 8.39+02 8.39+02 8.39+02 8.39+02 8.39+02 8.39+02 6.39+02 8.39+02 8.39+02 8.39+02

RUIG2 0.00 9006+02 9.06+02 9.06+02 9.06+02 9.06+02 9.06+02 9.06+02 9.06+02 9.06+02 9.06+02 9.06+02

R0103 0.00 3.13+00 5.25-.03 5.46-28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

RH103M 0.00 3.13-03 5.26-06 5.46-31 U.00 0.0U U.00 0.011 0.00 0.00 0.00 0.00

RHIG3 0.00 s.1 8+02 5.21+02 5.21+02 5.21+02 5.21+02 5.21+02 5.24.'0'02 5.21+02 5.21+02 5.21+02 5.21+02

RUI04 0.00 8.53+02 8.53+02 8.53+02 8.53+02 8.53+02 5.53+02 8.53+02 8.53+02 8.53+02 8.53+02 8.53+02

130104 0.00 3.10+02 3.10+02 3.10+02 3.10+02 3.10+02 3.10+02 3.10+u2 3.1u+02 3.10+02 3.10+02 3.10+02

PUI05 0.00 5.51+02 5.51+02 5.51+02 5.51+02 5.51+U2 5.51+02 5.51+02 5.51+02 5.51+02 5.51+02 5.51+02

RUIU6 0.00 2.04+02 1.02+02 2.06-01 2.27-28 0.00 0.00 0.00 U.00 0.00 0.00 0.00

RH106 0.00 1.93-04 9.68-05 1.95-02 2.15-34 0.00 U.100 0.00 0.00 0.00 0.00 0.00

PU106 0.00 6.39+02 7.41+02 8.43+02 8.43+02 8.43+02 8.43+02 8.43+02 8.43+02 8.43+02 8.43+02 B.43+02

PD107 0.00 4.80+U2 4.80+02 4.80+0? 4.80+02 4.80+01 4.79+02 4.75+02 4.34+02 1.78+02 2.41-02 0.00

AG107 0.00 9.09.-05 1.38-04 5.66-04 4.84-03 4.76-02 4.25-01 4.73+00 4.52+01 3.01+02 4.80+02 4.80+02

P0108 0.00- 3.34+02 3.34+02 3.34+02 3.34+02 3.341+02 3.34+02 3.34+02 3.34+02 3.34+02 3.34+02 3.34+02

CD108 0.00 7.42-07 7.42..07 7.42..02 7.42-07 7.42-U7 7.42-U7 7.42-07 7.42-07 7.42..07 7.42-07 7.42-07

AG109 0.00 1.20+02 1.20+02 1.20+02 I.2U+02 1.20+02 1.20+02 1.20+02 1.20+02 1.20+62 1.20+02 1.20+02

C0109 0.00 9.81-10 5.61..10 3.67..12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

P0110 0.00 7.10+01 7.10+01 2.10+01 7.10+01 7.10+01 7010+01 7.10+01 7.10+01 7.10+01 7.10+01 7.10+01

AG110M 0.00 6.32-02 2.34-02 0.00 0.00 0.00 U.OU 0.00 0.00 0.00 0.00 0.00

AGII0 J.JO 9.25-u9 3.40-39 4.18-13 0.0U 0.00 0.00 0.0U 0.00 0.00 0.00 0.140

CUII0 0.00 1.03+02 1.03+02 1.03+02 1.03+02 1.03+02 1.03+02 1.u3+02 1.03+02 1.03+02 1.03+02 1.03+02

CD111 0.00 3.44+01 3.44+01 3.44+01 3.44+01 3.44+01 3.44+01 3.44+01 3.44+01 3.44+01 3.44+01 3.44+01

CD112 0.00 1.86+01 1.86+01 1.86+01 1.86+01 1.66+01 1.86+01 1.66+01 1.86+01 1.86+01 1.86+01 1.86+01

CD113M 0.00 2.24-04 2.14-04 1.32-04 1.59.06 0.00 0.00 0.0u 0.00 0.00 0.00 0.00

CDII3 0.0U 5.46..01 5.46-01 5.46-01 5.46-01 5.46-01 6.46-01 5.46-01 5.46-01 5.46..01 5.46-01 5.46-01

1N113 U.00 1.26-05 2.37-05 1.00-04 2.35-04 2.37-0y 2.37-04 2.37-04 2.37-04 2.37..04 2.32-04 2.37-04

CD114 0.00 1.84+01 1.84+01 1.84+01 1.84+01 1.84+01 1.84+01 1.84+01 1.84+01 1.84+01 1.84+01 1.84+01

1N114H 0.J0 4.44..10 2.81-12 0.00 0.00 0.00 0.00 0.0U 0.00 0.00 0.00 0.00

SNII4 0.00 2.19-06 2.19-06 2.19-06 2.19-06 2.19-06 2.19-06 2.19-06 2.19-06 2.19-06 2.19-06 2.19-06



PLUTUNIUM FUEL FRACT1UN IN A PiiR 3.5% ENR. FRUPERTIES AFTER 5Erk:(ATION

POIGEN = 36.00 HO, NUPNUP = 33000.Mv.D. FLUX= 1.67+13N/CMer2..SEC

NUCLIOE CONCENTRATI0N5. GriAMS
BASIS = MT HEAVY METAL CHARGEU TO lEACTOR

CHARGE SEPARATION 1.0+00 YR 1.0+JI YR 1.0+02 YR 1.0+63 Yk 1.0+04 YR 1.0+05 YR 1.0+06 YR 1.0+07 Yp 1.0+08 YR 1.0+09 YR

C0115,M O.UU 2.13-U3 5.91-06 5.81-29 0.011 0.0u 0.00 O.JU 6.00 O.UU U.00 0.00
1N115 0.00 1.61+00 1.01+00 1.81+00 1.81+UU 1.81+60 I .a1+130 1.81+00 1.81+00 1.81+00 1.81+00 1.81+00
SN115 0.00 3.16-01 3.16-01 3.16-01 3.16-01 3.16-u1 3.16-UI 3.16-01 3.16-01 3.16-01 3.16-UI 3.16-01
CDII6 0.00 6.n5+00 6.05+00 6.05+00 6.05+00 6.05+00 6.05+0u 6.05+6C 6.05+00 6.05+00 6.05+00 6.05+OU
SN116 U.60 4.63+00 4.63+00 4.63+00 4.63+00 4.63+00 4.63+UG 4.63+00 4.63+00 4.63+00 4.63+00 4.63+00
SN1 I7 0.00 6.24+00 6.24+00 6.24+06 6.24+00 6.24+00 6.24+J0 6.24+00 6.24+00 6.24+00 6.24+00 6.24+00
SNII8 0.00 6.37+00 6.37+0c 6.37+00 6.37+00 6.37+00 6.37+U2 6.37+00 6.37+00 6.37+00 6.37+00 6.37+00
SNI19N 0.30 3.38-03 1.23-03 1.35-07 0.00 0.00 u.00 0.0G 0.0u 0.00 0.00 0.00
5N119 0.00 6.50+00 6.51+00 6.51+00 6.51+00 6.51+Uu 6.51+00 6.51+UU 6.51+00 6.51+00 6.51+00 6.51+00
SN120 0.66 6.63+UU 6.63+30 6.o3+00 6.63+0d 6.63+00 6.63+J0 6.63+00 6.63+00 6.63+00 6.63+00 6.63+00
SN1211 0.00 2.81-06 2.79-06 2.57-06 1.13-06 0.60 U.00 O.UU 6.00 0.00 0.011 0.00
58121 0.U0 6.83+00 6.83+;j0 6.83+00 6.83+60 6.63+00 6.83+00 6.83+00 6.83+00 6.83+00 6.83+00 6.83+00
51J122 0.0U 2.58+00 7.58+00 2.53+00 7.58+1;0 7.58+00 7.58+00 7.58+00 2.58+00 7.58+00 7.58+00 7.58+00
TE122

50123m
V.10
0.00

4.85-01
7.18-02

4.85-01

9.48-03
4.85..01

1.1S-10

4.85-ni

0.00

4.85-01

U.UU
4.85-01
0.00

4.85-01

0.06

4.85-01

0000

4.85-01

0.60

4.85-01
0.0U

4.85-01

0.00 rO

56123 0.10 8.41+00 b.47+60 8..0+00 8.48+00 8.4F+00 3.48+un 8.46+00 N.48+00 8.48+00 8.48+00 8.48+00
TE123m 0.00 2.12-05 2.43-,6 0.00 0.00 0.01, 0.00 0.00 0.00 0.00 0.00 0.00 CO
TE123 0.06 3.61-04 3.79-04 3.42-04 3.82-04 3.82-04 3.82-0 3.82-0 3.82-04 3.82-64 3.82-04 3.82-04

5N124 0.06 1.18+01 1.18+U1 1.16+01 I .18+01 1.18+01 1.18+01 1.18+01 1.18+01 1.18+01 1.18+01 1.18+01
SE1124 0.00 7.52-03 1.11-14 3.59..21 0.00 0.00 0.00 0.0U 0.00 0000 U.00 0.00
7E124 0.00 2.88-01 2.95.-01 2.95..01 2.96..01 2.95`s01 2.95..j1 2,9501 2.95-01 2.95-01 2.95-01 2.95-UI
Str125 0.00 1.25+01 9.64+00 9.57-01 8.89-11 0.00 0.00 0.00 0.0U 0.110 0.00 0.00
TE1250 0.00 2.97-01 2.35-01 2.33-02 2.17-12 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TE125 O.U0 6.94+00 9.82+00 1.07+01 1.97+01 1.97+01 1.97+01 1.97+01 1.97+01 1.97+01 1.97+01 1.97+01
S14I26 0.00 3.33+01 3.33+01 3.32+01 3.32+01 3.30+01 3.10+01 1.66+01 3.25-02 0.00 0.00 0.00
581269 0.00 1.20-08 1.20-79 1.20-08 1.20-08 1.1Y-be I.12-JR 6.01-09 1.17-11 U.00 0.00 0.00
51š126 0.00 1.14-05 1.13-J5 1.13-05 1.13-05 1.12-05 1.05-05 5.63-U6 1.10-08 0.00 0.00 0.00
TE126 0.Q0 7.29-02 7.31-02 7.52-02 9.59-02 3.03-UI 2.30+00 1.67+01 3.33+01 3.33+01 3.33+U1 3.33+01

TE127M 0.06 8.20-J1 8.04-U2 6.74-11 0.00 0.0C 0.00 O.UU 0.00 0.00 0.00 0.00
TE127 0.00 2.91-03 2.86-04 2.39-13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1127 U.00 6.06+01 6.14+01 6.14+01 6.14+01 6.14+01 6.14+01 6.14+01 6.14+01 6.14+01 6.14+01 6.14+01

TE/28 0.0U 2.06+02 2.06+02 2.06+02 2.06+02 2.06+02 2.06+112 2.06+U2 2.06+02 2.06+02 2.06+02 2.06+02
XE12d 0.00 4.91+00 4.91+00 4.91+00 4.91+00 4.91+U0 4.91+00 4.91+11O 4.91+00 4.91+110 4.91+00 4.91+00
TEI29M 0.00 2.62-01 1.53-04 1.22-33 6.00 O.UU 0.00 0.00 U.00 0.00 U.00 0.00
TE129 0.00 2.36-04 1.36-07 O.UU U.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1129 9.00 3.38+02 3.38+02 3.38+02 3.38+02 3.36.+62 3.38+02 3.37+02 3.25+02 2.25+02 5.74+00 6.69-16

XE129 1.00 1.07-01 1.07.-01 1.08-01 1.09..01 1.21-01 2.45..01 1.48+00 1.36+01 1.13+132 3.33+02 3.39+02

TE130 0.00 4.79+02 4.79+02 4.79+02 4.79+02 4.79+02 4.79+02 4.79+02 4.79+02 4.79+02 4.79+ 02 4.79+02
XEI30 J.00 1.22+01 1.22+JI 1.22+01 1.22+01 1.22+01 1.22...u1 1.22+01 1.22+01 1.22+01 1.22+01 1.22+01

XE131 0.00 4.76+U2 4.76+02 4.76+02 4.76+02 4.76+112 4.76+02 4.76+02 4.76+02 4.76+02 4.76+02 4.76+02



PLUTONIUM FUEL FRACTION IN 3.5$ ENR. PR0PERTIES AFTER 5EP140TION

POwER I. 30.00 M*. BURNUP 33000.MaD. FLUX= 1.67+13N/Cmww2-5EC

NUCLIDE CONCENTRATIONS. GhARS

BASIS = MT HEAVY METAL CHARGED TU REACTOR

XE132

C5133
AE134

CS134

BA134
C5135
BAI35

XEI36

bA136
C5137

BAI37M

BA137
BA138
LA139

6A140

LA140

CL140
CE141

pR141
CE142

Nu142

PR143

ND143
CE144

PRI44
N0144

140145

Nu146

PMI47
SM147
ND148

PM148/1

Pm148

SM148

SM149

NO150

SM150

514151

EU151
SM152

CHARGE

0.00

0000

U0U0

0.00

U.U0
0000
0.00

0.00

01000

0.00

0.00
0.u0

0•00

0.00

0.00

U.30

0.00
0000
0.00

0.00

U.00

U.00

0000
0.00

0.00

0.0U

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00
0.00

0.06

SEPARATION 1.0+Ou

1.24+03

1.02+03
1.47+03

1.58+02

8.72+01

5.61+02
1.52-02

2.13+03

4.44+01
1.27+03

1,91.-04
5.73+01

1.27+03
1.20+03

5.67-03

6.54_04

1.21+03
I.84+00

I.07+u3

1.07+03

1.23+01

9.47..03
8.32+02
2.07+02

8.77..13

8.02+02

6.29+02

6.26+02
1.05+02

6.52+01

3.74+02
1.25..02

1.29-.04

2.27+02

1*04+01
2.13+02

3.26+02

5.41+01
3.26.0i

1.07+02

YR

1.24+03

1.02+03
1.47+03

1.13+02

1132+02
5.61+02

1.54-02
2.13+03
4.44+01
1.24+03

1,87-04

8.62+01

1.27+U3
1.20+03

1.46-11

2.2U-12

1.21+03

7.44-04

1.07+03

1.07+03
1.23+01

8.97..11

89 33+02
8.51+01

3.60-03

9.2b+02

6.29+02

6.26+62

0.08+01

8.96+01
3.74+02

3.02-05
3.12-07

2.27+02

1.04+01
2.13+02

3.26+02
5.37+01
7.56-01

1.07+02

1.0+01 YR

1.24+03
1.02+03
1.47+03

5.38+00
2.40+02

S.61+02
1065.-02

2.13+03
4.44+01

1.01+03
1.52..04

3.19+02

1.27+03

1.20+03

0.00

0000

1.21 +03
2.17..34

1.07+03
1.07+03

1.23+01

0.00
8.43+02

2.79.-02

1'18.'06

1.01+03

6.29+02

6.26+02

7.47+00

1.63+02

3.74+02

0.00
8.68..41

2.27+02

1.04+01

2.13+02

3.26+02

5.00+01
4.47+00

1.07+02

1.0+02 YR

1.24+03

1.02+03

1.47+03
3.24-13

2.45+02
5.61+02
2.82..02

2.13+03
4.44+01

1.26+02

1.90-05

1.20+03
1.27+03

1.20+03

0.00

0.00
1.21+03

u.ou
1.07+o3
1.o7*()3
1.23+01
D000

8033+02
4.08..37

0000

1.01+03

6.29+02

6.26+02
4.43.10

1.70+02

3.74+02

0.00
0.00

2.27+02

1,04+01
2,13+02

3.26+02

2.44+01

3.00+01
1007+02

1.0+03 Th

1.24+uj

1.02+03

1.47+03
0.00

2.45+02

5.61+02
1.45..01

2.13+03
4.44+01

1.18..07
1.78-14

1.32+u3

1.27+03

1.2u+03

0.06

0.011

1.21+03

0.00

1.07+03

1.07+03

1.23+01

O.U0 "

8.33+u2

0.00

0.00

1.01+03

6.29+02

6.26+02
0.00

1.70+02

3.74+02

0000
0.00

2.27+u2

1.04+111

2.13+02

3.26+02

1.88.02
5.44+01

1.07+02

1.0+04 Yk

1024+03

1.02+03
1.47+03

0.00

2.45+02

5.60+02
1.31+00

2.13+03

4.44+01

U.00
0.00

1.32+03

1.27+03

1.20+03

u.w)
u.ou
1.21+1)3
0.00
1.0+03
1.o7+03
1.23+ol
o.00
t+.33+u2
0.0u
0.00
1.01+04

6.2'1+02

6.26+02
0.00

1.70+02
3.74+u2

0.00
U.OU

2.27+02

1.04+01

2.13+02

3.'26+02
1.38-33

5.44+01

1.07+02

1.0+0 Yk

1024+03
1.02+u3

1.47+03

0.00
2.45+02

5.48+02

1.26+01

2.13+03

4.44+01

0.00
0.00

1.32+03

1.27+03

1.20+03

0.00

0.00

1.21+03

0.00
1.07+03

1.07+03

1.23+01

0.00
8.33*(32

0.CW

0.00

1.01+03

6.29+02

6.26+U2

0.00

I.7u+o2

3.74+02

0.00
0.00

2,27+02

1.04+01

2.13+02

3.26+02

0.011

5.44+01

1.07+02

1.0+06 YR
1.24+03

1.02+03
1.47+03

0000

2.45+02

4.45+02

1.16+02

2.13+03

4.44+01
0.00
U.00
1.32+03

1.27+03

1.20+03

0.00

0.00

1.21+03
U.00

1.07+03

1.07+03

1.23+01

0.00
6.33+02

0.00

0.00

1.01+03

6.29+02

6.26+02
0.00

1.761+02

3.74+02

0.00

0.00

2,27+02

1.04+01

2.13+02

3•26+02

0.00
5.44+01

1.07+02

1.0+07 YR

1.24+03

1.02+03
1.47+03

0.00

2.45+02
5.57+01

5.05+02

21'13+03

4.44+01
0.00
0.00

1.32+03
1.27+03

1.20+03

0.00

0.00
1.21+03

0.00
1.07+03

1.07+03
1.23+01

0.00

8.33+02

0.00

0.00

1.01+03

6.29+02

6.26+02
0.00

1.70+02

3.74+02
01,00

0.'00

2+27+02

1.'04+01

2.13+02

3.26+02

Ge00

5.44+01

1.07+02

1.0+08 YR

1.24+03

1.02+03

1.47+03

0.00

2.45+02
5.21..08

5.61+02

2.13+03
4.44+01

0.00
0.00
1.32+03

1.27+03

1.20+03
0.00

0.00

1.21+03

0.00

1.07+03

1.07+03
1.23+01

0.00

8.33+02

0.00

0.00
1.01+03

6.29+02

6.26+02
0.00

1.70+02
3.74+02

0.00
0.00

2.27+02

1.04+01

2.13+02

3.26+02

0.00
5.44+01

1,07+02

1.0+09 YR
1.24+03

1.02+03

1.47+03

0.00

2.45+02

0.00
5.61+02

2.13+03

4.44+01
0.00
0.00
1.32+03

1.27+03
1.20+03

0.00

0.00

1.21+03

0.00

1.07+03

1.07+03
1.23+01

0.00

8.33+02

0.00

0.00
1.01+03

6.29+02

6.26+02
0.00

1.70+02

3.74+02

0.00

0.00
2,27+02

1.04+01

2.13+02

3.26+02

0.00

5.44+01

1.07+02



PLUTUNIUM FUEL FRACTION IF,! A PhR 3.5% ENR. PROPERTIES AFTLR sEpARA110N

PC0iE , 30.00 Ma, 4uR0UP = 33000.M0, FLUy= 1.67+13N/Cre.2-5FC

NUCLIDE CONCErTRATIoNS. GkAM5
BASIS = MT HEAVY MFTAL cHARGED To REACTOR

EU152

CHARGE

0.00

5EPARATIOw
I.b3_01

1.0+00 YR
1.45-ji

1.0+GI yR

8.60-02

1.0+02 YR
4.76-04

1.0+03 YR
0.00

1.0+04 YR
L.OU

1.0+0b YR

0.00

1.0+06 YR

0.00

1.0+07 YR
0.1)n

1.0+08 YR
u.00

1.0+09 YR

0.00
GDIS2 0.00 2.08-01 2.10-01 2.22-ul 2.51-01 2.51-01 2.51-01 2.51-01 2.51-01 2.51_01 2.51-01
E0153 u.OU 1.70+02 1.70+02 1.70+02 1.70+02 1.70+02 1.7u+02 1.70+02 1.70+02 1.20+02 1.20+02 1.70+02
GD153 0•,10 4.23-03 1.49-93 0.00 u.Du 0.00 0.0u U.00 0.00 0.00 0.00
511154 0.JU 6.02+01 6.02+01 6.02+01 6.02+01 6.02+61 6.02+01 6.0+01 6.02+01 6.02+01 6.02+01 6.02+01
f0154 0.00 6.98+01 6.69+01 4.53+01 9.18-01 0.00 0.00 0.u0 0.00 0.00 0.00 0.00
GD154 0.00 3.81+00 A.76+00 2.83+01 2.22+01 2.36+01 7.36+u, 7.36+01 7.36+01 7.36+01 7.36+01 7.36+01
EUI55 0.00 7.72+00 5.26+00 1.68-01 1.82-16 0.00 0.00 0.00 o.00 0.0n 0.0U 0.00
GDI55 0.00 1.53+00 3.98+09 9.08+00 9.24+00 9.24+00 9.24+00 9.24+0o 9.24+00 9.24+00 9.24+00 9.24+01
EUI56 u.U0 3.65-03 1.21-10 n.q0 0.00 0.06 u.011 0.00 0.00 0.00 0.00 0.00
G0156 0.00 1.04+112 1.04+02 1.04+02 1.04+02 1.04+02 1.04+02 1.04+02 1.04+02 1.04+112 1.04+02 1.04+02
GD157 0.1,0 9.26-02 9.26-02 9.26-02 9.26-02 9.26-12 9.26-02 9.26-02 9.26-02 9.26-C2 9.26-02 9.26-02
GUI58 9.00 2.54+01 2.58+01 2.54+01 2.58+01 2.5F+01 2.513+01 2.54+01 2.58+01 2.58+01 2.58+01 2.58+01

T8Ib9 0.0U 3.55+00 3.55+00 3.55+J0 3.55+00 3.55+00 3.55+00 3.55..U0 3.55+00 3.55+On 3.55+00 3.55+00
GDI60 0.00 2.c4+00 2.04+03 2.04+00 2.04+00 2.04+00 2.04+01 2.04+00 2.04+00 2.04+00 2.04+00 2.04+00
TBI60 0.00 5.28-02 1.54_03 0.n0 0.00 0.0U U.OU 0.00 U.00 0.00 0.00 0.00
DY160 0.00 8.92-01 9.44-01 9.45-01 9.45-01 9.45-01 9.45-01 9.45-01 9.45-01 9.45-01 9.45-01 9.45-01

DYI6 1 0.00 5.22-01 5.22-01 5.22-01 5.22-01 5.22-01 5.22-ol 5.22-01 5.22-01 5.22-01 5.22-U1 5.22-01
GD162 0.00 1.30-01 6.49-r,2 1.27-04 0.00 U.U( 0.00 0.00 0.00 O.U0 U.00 0.00
TE162m 0.00 1.85_06 9.26_07 1.41-09 0.00 0.00 0.00 0.00 0.00 O.UO 0.00 0.00
DY162 0.00 3.76-01 4.41-01 5.06-01 5.06-01 5.06-UI 5.06-01 5.06-01 5.06-01 5.06-01 5.06-01 5.06-01
DYI63 0.00 3.83-01 3.83-01 3.43-01 3.63-01 3.83-01 3.83_01 3.03-01 3.83-01 3.83-01 3.83-U1 3.83-01
DY164 0.110 1.85_01 1.85-CI 1.85-0 1.85-01 1.85-01 1.85-01 1.6-01 1.45-01 1.85-ul 1.85-0I 1.85-01

00165 U.90 1.66-01 1.66-01 1.66-01 1.66-01 1.66-01 1.66-01 1.66-01 1.66-01 1.66-01 1.66-UI 1.66-01

H0166H O.UU 4.53-05 4.53.05 4.50-05 4.28-05 2.54-05 1.41_07 0.0U 0.00 0.00 0.00 0.00
ER166 0.00 4.74-02 4.24-02 4.74-02 4.74-02 4.74-12 4.74-02 4.74-02 4.74-02 4.74-02 4.74-02 4.24-02
ERI67 0.00 1.12_02 1.12-02 1.12-02 1.12-02 1.12-02 1.12-02 1.1:4-02 1.12-02 1.12-02 1.12-02 1•12-02

SUBTOT 0.00 3.51+04 3.51+04 3.51+04 3.51+04 3.51+U4 3.51+04 3.51+U4 3.51+04 3.51+04 3.51+04 3.51+04

TOTAL U.00 3.51+04 3.51+u4 3.51+04 3.51+04 3.51+04 3.51+04 3.51+04 3.51+04 3.51+04 3.51+04 3.51+04



H
SE
KR
RB

RD
SR
SR

ZR
N8
ZR
NB
NB
TC

PLUTONIUM FUEL FRACTION IN. A Pas 3.511_ ENR. PRQPERTIES AFTER SEfARATION

POAER = 30.00 MW 6 BURNUP = 33000006 1.67+13N/CM.4,2-SEC

NUCLIDE RADIOACTIVITY, CURIES
BASIS Is MT HEAVY METAL CHARGED TO REACTOR

3
79
85
86

87
89

90
90
91

93
93m
95
95M
95
-99

RUI03
RHI03m
RU106
RH106
P0107

AGIO9M
CD1U9

AGIIOM
AG110
CDI13m

IN114m
IN114

CD11SM
SNI19M
SN121m

SNI23m
TE123M
SB124
Sb125

TE125M
SN126

58126m
SB126
TEI27M
TE127

CHARGE

0.00
0600

0.00
0600

0.00
0600
0600
u.00
u.00
0.00
u.o0
U.0(3
0.00
o.uu
0.00
1).00
u.ou
o.uu
0.00
o.uo
0.00
0.00
0.00
0.00
o.ou
u.00
o.ou
0000
UPG0

1-1.00

0000
0.00
0600
0000

U0U0
0•00

0000
0000

0.00
0000

SEPARAT1UN

9.12+02
3.34..01

6.91+03
7.39.41

1015,05
6688+04

4666+04
4.56+04

1.21+u5
1.46+00

103S-01
2.58+05

5.48+03

4.83+05
1015+1/ 1
1.00+05

1.001.05
6.84+U5
6.84+05

2629-01
2.59-06
2659..06

209?t02
3.89+01

5.07-02
1.02-US
9.82-06

5.62+01
1.48+01

1.u9-04

6.10+02
1.92..01
1.32+02
1032+04
5.35+03

9.44-01

9644-01
9.49-01

7.74+03
7.65+03

1.0+00 YR
6.62+02
3634...01
6018+03

967807

101§05
5.29+02
4.45+04
4.45+04

1,63+03
1646+00
2001..01
5.25+03
1612+02
1.16+04

1.45+01
1.68+02

1,48+U2
3.43+05
3.43+05

2.29 01
1.48-06
1.48-06

1,0;1+0?
1.43+01

4.83-02
6.44-08
6.22..06
1.56.01

50.0+9U
10080.04

8005+01
2•2102
1694+00

1,02+04

4,23+0..)
9.44-01

9014-.01
9.34.001
7659+02
7650+02

1.0+01 Yk

5019+02
3.34..01

3064+03
0000

1015'70
46990.17
3,56+0
3.67+04

2644..14

1046+00

6,64-DI
3.16-12
6671,0.14
10.65..12
1.45+01

1.7523

1.7-23
6692+02
6.92+02
2629..01
9•72..,09
9.72-09

0.00
107603
3609..02

0000
0.00
1.53..2m

5.94-04
9.99-05

9.80.-07

0000
6.3017
1.01+03

4.20+02
904401
9.4401
9.34..01
6.3607
6.29-07

1.U+02 YR
3.26+00
3.34-01
1013+01
0.00

101"'05
0000
3.87+03

3.87+03

0.00
1.46+00

1,45+00
0.00
0.00
0.00
1.45+01

0.00

U.00
7.64-25
7.64..25

2.29-01

0000
000U

U000
0000
3.59..04

0000
0.00
U000

000
4.40-05

0.00
0.00
0.00
9.42-08
3.9u-08
9.43-01

9.43-01
9.34-01
0.00

0.00

1.0+03 Yk
0.00
3.30-01
9.38-25

0.00
!OS-05
0.00
8.88-07

8689-07
0000
1.46+00

1046+00
0600

0.00
0.00
1.44+01

0.00
0.00
0.0U
0.00
2.29-01

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
p.ou
0.00
0.00
0.00

0.00
0.00

0.Po
9.3701

9.37..01

9.28-01
0000
0600

1.6+04 Yk
0600

3600-001
0.00
0000
1.15..OS

0000
0600
0600

0600
1.45+0u

1 .' 45+00
U.00

U•00
o.00
1.40+01
U.00

0.00
0.0U
0.00
2.29-01

0.00
U.00
0.00
U.00
0.00
0.00

0.00
0.00
0600
0000

13000
0.00
Ge00
U.00
0600
8.81-01

8.81.001
8.72-01
0600
0000

100+05 YR
0.U0
1.15 01
06110
0000
1.15..05
0.00

0000
0.00
0600
1.39+00
1.39+00

0000
00UU
000U
1.04+01
0000
0000
0.o0
0.00
2.27-01
O.U0
0.00
0.0U
000U
0.00
0600
0.0U
0000
0.00
0.00

o.uu
o. uu
o.uo
0.00
o.uu
4.72-01
4.72-01
4.67-01
0.00
0.00

1.0+06 YR
U.00
7.83-06

0.00
3.00
1.1b.o5
u.00
u.00
u.clo
0.00
9.20-01
9.20-01
U.00
0.00
U.00
5.51-01
0.00
U.00

0.00
0.00
2.07-01

U.00
0.00
U.00
0.00
0.00

U•00
0.00
0.00
0.013
0.00

0.00
0.00
0.00
0.00
U.00
9.23-04
9.23-04
9.14-04
0.00

0.00

1.0+U7 YR 1.0+08 YR
0.00 0.00
0.00 00011
0000 0.00
o.00 0000
1.15-05 1.15-0S
0.00 0.00
0000 0.00
0.00 0.00
0.00 0000
104402 1.2620
1.44..02 1.26..20

0.00 0600
0.00 0000
0.00 0000
9.2114 0.00
0.00 0000
0.00 0600
0000 0000
0000 0.00
8.51..02 1.15..05

0.00 0.00
0.00 0.00
0.00 0600
0.00 0.00
0.00 0.00
0.00 0000
0.00 0000
0.00 0.00
0.00 0.00
0000 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0000
0000 0600
00110 0.00

0.00 0.00
0600 0600
0000 0000
0.00 0.00

1.0+09 YR
0000
0600
0000
0600
1613.05

0600
0.00
0000

0000
0000
0000

0600
0600
0000
0.00
0000
0000

0600
0.00
0600
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0600
0600
0000
0000

0.00
0000

0000
0600
0000
0000



PLUTUNIUM FUEL FRACTION 10 A P'R 3.5% EhR.

PO4Ek = 30.00 "4 1 BURNuP =

CHARGE

7E1290 0.00
TE129 0.00
1129

XEI31A
CSI34

C5135

C5137

BA1370

8A140

LAI40
CE14 1
PRI43

CEI44
pRI44
N0142

Pm147

F.H14811

PH1 46
5m151

EU152

(30153

01154

EU155

EUI56

Th160

G0162

T8162m

H0166m

SUbTOT

TOTAL

0.0U

0.00

J•UO

O.U0

U.00

U.00
0.00

O.U0
`/.UU

U.J0

U.Un

0.0U
0.(a
u.uu
o.00
o.ou
0.U0

u.u0

0.00

0.00
0.40

0.00
0.10

0.00

0.00

0.00

0.00

0.00

SEPARATION

7.79+03

4.99+03

3.33+00

2.06+05

4.96-01

1.10+0,

1.03+US

4.13+02

4.76+02
5.26+01

6.32+02

6.62+05

6.62+US
4.75+01

9.77+04

2.63+02

2.11+01
1.47.03

3.00+01

1.49+01

1.01+04

9.84+03

2.04+02

5.98+02

2.b7+02

2.87+02

8.13-05

4.57+06

4.52+06

FROpERTWJ AFTE.R sErIARATION

33000.m.,), FLUX= 1.67+j3N/Em..2-5-rc

1.0+00 YR

4.55+1)0

2.92+00

5.52-02

1.63-09

1.42+95

4.96-01

1.0d+95

1.01+05

1.02-06
1.23-06

2.13+f.1
5.98.06

2.72+b5

2.72+c;E,

5.94-09

7.50+04
6.35-01

5.10-132
1..46+03

2.64+01

5.7b+00

9.70+03
6.71+03
9.57-06

1.79+1
1.43+12

1.43+02

I.81+G6

1.81+06

NUCLIDE: RADIOACTIVITY, CURIES

8/1515 = hT HEAVY METAL CHARGEL TO hEAcT0R

1.0+01 Yk

0*(10

0.00
5.52-02
0.00

7.00+03
4.96-01

8.75+04

8.18+04

n.00

o.00
n.ZiO

0•00
0.92+01

R.92+01

0.06
6.94+03

0.00
1.42-25

1.36+03

1.69+01

0.00
6.57+03

2.14+02

0.00

0.00
2.8n-01

2.80-01

8.09-05

2.70+05
2.70+05

1.0+02 YR

6.00
0.00

5.52-02

0.00

4.29-10

4.96-01

1.09+04

1,02+04
0.00

6.00
D.00

6.00

0.00
0.00

0.00

3.18-n7

0.00

G.00
6.64+112

9.32-02

u•OU
1.33+02

2.32-13

U.00

0.00

U.OU

0.00

7.6H-05
2.916+04

2.94+04

1.0+03 Yd

0.00

0.0D
5.52-02

0.00

0.00
4.95-01

1.02-U5
9.57-06

0.00

0.00
0.00
0.00

0.00
0.00

O.U0
0.00

0.00
5.12-

O.UU

0.00

0.00

0.00
0.00

0.00
0.00
0.00

4.57-05

2.1V+U1
2.1e+01

61

.0+04 yp

0.00

U.00
5.52

0.00

6.00

4.94 01
0.00

0.00
L.00

O.00
0.00

O.00
0.00

0.00
u.00

0.00
0.00

0.00

0.00

0.00

0.00

G.OU
O.UU

U.00
0.00

0.00

0.00

2.53-07

2.06+01

2.06+01

112

1.0+05 YR

0.00

0.00

5.50-U2

0.00

0.00

4.84-01

0.00
0.00

0.00

0.00
0.00

0.00

0.0U

0.0u

O.UU

0.00

0.00

O.U0
0.00

U.00

0.00

0.60)

0.0U
0.00

0.00

0.110

0.0U

0.00

1.55+01
1.55+01

1.0+06 YR

0.00

0.00

5.30-02

0.00

0.00

3.93-01

0.00

0.00
U.00

0.00
6.00

0.0b

0.00

0.00

U.U0

U.00

0.00
U.00

U.00

0.00

0.0U

0.00
0.00
0.00

U.00
0.00

0.00

0.00

3.05+00

3.05+00

1.n+07 YR

0.00
0.00

3.67-02
0.00
0•00

4.92..02

O.00

0•LIO
0.00

0.00
U.00

0.00

0.00

0.0U
0.00

0.00

0.00

0.00

0.00

0.00

0.00

o.uo
u.un
0.00
ti.uo
0.00

0.00

0.00

2.00-01
2.00-01

1.0+08
0.00

0.0d
9.37-04

0.00

0.00

4.60-11
0.00

0.00

o.no
ti.ou
0.00
p.ou
o.on
c1.00
Li.ou
o.ou
o.00
u.uu
6.(30
U.00

0.00

0.00
0.00

0.00
0.00

U.00

U.00

0.00
9.59.-04
9.59.04

YR 1.0+09 YR

0.00

0.00
1.09-19

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
1.13.05

1.13.05



PLUTONIUM FULL FRACTION IN A EfiR 3!5! ENR! PRPPP?TI5_

POVIER 30.00 MW. BURNUP = 33000.MWD. FLUX= 1.67+13N/CM*62-SEC

NUCLIDE THERMAL POWER. wATTS
BASIS a MT HEAVY METAL CHARGED TO REACTOR

H 3
SE 79

CHARGE

0.00
0.00

SEPARATION
3.24-02
1.27-04

1.0+00 YR
3.06-02
1.27-04

1.0+U1 YR
1.65-02

1.27-04

1.0+02 YR
1.16-04
1.27-04

1.0+03 Yk
0000
1,2504

1.U+04 YR
0.00
1.14-04

1.0+05 YR
O.OU
4.36-05

1.0+06 YR
0.00
2.97-09

1.0+U7 YR
0.00
0.00

1.0+08 YR
0.00
0.00

1.0+09 YR
0.00

0.00
KR 85 0.00 1.12+01 1.05+01 5.91+00 1.83-.02 U.00 0.00 0.00 0.00 0.00 0.00
RB 86 0.00 3.49-03 4.62.09 0.00 0.00 04,00 P.00 0.00 0.00 0.00 0.00 0.00
R8 07 0.00 7•48-P? 7.48r09 7,48709 7.48-09 71,1809 7.48-09 7.48-09 7.48-09 7.48-09 7.47-09 7.38-09
SR 89
SR 90
Y 90
Y 91

ZR 93
NB 93M

O.U0
0.00
0.00
3.00
U.OU

0000

2.47+02

5.98+01
2.69+02

4.59+02
1.73-09

2.41-05

1.90+00

5.83+01
2.62+02
6.21+00
1.73-0y

3.58-05

1.79-19
4.67+01

2.10+02
9.28-17
1.73-04
1.18-04

0.00
5.07+00
2.28+01
0.00
1.73-04
2.58-04

0oU0
14.1609
bo23...09

0.00
1.73.611
2.60-U4

Ue00
Uo00

0.00
Uo00
1.72..14
2.5111 04

0.00
0o0U

0.00
0.00
1.65..04
2.48-04

U.00
U.00

0.00
0.00
1.09-04
1.64-04

0.00
0.00
0.00
0.00
1.71-06
2.56-06

0.00
o•00
0.00
0.00
1.49-24
2.24-24

0.00
0.00
0.00

0.00
0.00
0.00

ZR 95
N0 95M

NU 95

U.00

0.0U

0.00

1.35+03
7.63+00
2.33+03

2.75+01
1.55-01

5.59+01

1.66-14
9.35-1T

3.30-14

0.00
0.00
U.OU

poUli
0oUC
0600

0.00

U.00
0.00

O.UU

0.00
0.00

0.00

0.00
0.00

0.00

0.00
0.00

0.00
0.00
0.00

0.00

0.00
0.00

TC 99 0.00 9.78-03 9.78-03 9.78-03 9.76-03 9.75-13 9.47-03 7.06-03 J.72-04 6.22-17 0.00 0.00

RU103
RH103M
RU106

jo0U
0.00
0.00

3.31+02
4.76+01
4.06+01

5.54-01
7.96-02
2.04+01

5.76-26

8.30-27
4.10-02

0.00
0.00
0.00

OoDU
0.00

04,00

0.00
0.00
0.00

0.0U
0.JU
0.00

0.00
0.00
0.00

0.00
0.00

0.00

0.00
0.00

0.00

0.00
0.00
0.00

RH1U6 0.00 7.20+03 3.61+03 7.28+00 8•03-27 01,00 0.00 0.00 0.00 0.00 0.00 0.00

PU107 0.00 1.90-05 1.90-05 1.90-05 1.9U-05 1.90-05 1.88.05 1.72-05 7.06-U6 9.54 10 0.00

AGIO9M 0.00 2.71-09 1.55-09 1.01..11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CD109 0.00 2.58-09 1.48-09 9.68-12 0.00 0o00 0.00 0.00 0.00 0.00 0.00 0.00

AG110M
AGI1U
CD113M
IN114M

U.00
0.00
0.00
0.00

5.05+OU
2.82-01
6.71-05

1.10-08

1.86+00
1.04-01
6.38-05
6.95-11

0.00
1.28-05
4.09-05

0.00

0.00
0.0U
4.75-07

0.00

0o00
0.00
04,00
0.00

p.00
U.00
0.00
0.00

0.00
0.00
0.00
0.0U

0.00
0.00
0.00
0.00

0.00
O.U0
0.00
0.00

0.00
U.00
U.00

U.D0

0.00
0.00

0.00
0.00

IN114 0.00 4.63-08 2.93-10 0.00 0.00 0.00 0.00 04100 0.00 0.00 0.00 0.00

CD1I5N 0.00 2.06-01 5.71-04 5.61-27 0.00 0.00 Uo00 0.00 0.00 0.00 0.00 0.00
SNII9M 0.00 1.56-02 5.68-03 6.27-07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

SN121M
SN123M

U.UU
0.00

1.39-07
2.16+00

1.38-07
2.85-01

1.27-07
3.47-09

5.58-08

0.00

0.00
0oU0

0.00
0000

04100

OeUU
D.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

TE123M 0.00 5.65-U4 6.49-05 0.00 0.00 0000 0.00 0.00 0.00 0.00 0.00 0.00
58124 0.00 1.81+00 2.67-02 8.66-19 0.00 01,00 6000 OoDU 0.00 O.U0 0.00 0•00
5B125 0.00 5.35+01 4.14+01 4.11+00 3.82-10 04,00 0000 0.00 0.00 0.00 0.00 0.00
TLI25M 0.00 9,20+00 7,27+00 7,22-0 §,7 I-1 1 041UO 0.00 OoDU 0.00 0.00 0.00 0.00
5N126 0.00 1.02-03 1.02.03 1.02..03 1.02-03 1.01.-03 9o5004 9.96-07 0.00 0.00 0.00

58126M 0.00 6.38-03 6.36-03 6.38-03 6.38-03 6.34-03 5•96...03 3.19-03 6.24-06 0.00 0.00 0.00
56126 0.00 1.23-02 1.22-02 1.22-02 1.21-02 1.21-02 1o1302 6,0803 1.19-05 0.00 0.00 0.00
TE127M 0.00 4.26+00 4.18.01 3.51-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TE127 O.U0 1.23+01 1.21+00 1.01-09 0.00 0.00 Uo00 OpOU 0.00 0.00 0.00 0.00



PLUTUNIuM FUEL FRACTIUN IN A Pp'R 3.54 EMR. PROPERTIEs AFTER 5EpAAT1oN

poaErt =

TEI29m

TEI29

1129

XEI310

CS134
C5135

CS137
84137m

BA140

LA140

CEI41
Pk143

CE144
PR144

N0147
PM147

PMI48m
Pm148

SM151

EUI52

GV153
EU154

EU155
E0156

TB160

G0162

TB162M

HCA66M

SUBTOT
TOTAL

CHAPCIE

0.00
0.u0

0.00

0.00

0.00
0.00

0.0U

0.00

0.00
0.00

O.U0
0.00
0.00

U.UU
0.00

0.00

0.00

0.00

J.J0
J.no
o.00
0.00

0.u0
0.00

0.00

0.00

U.UU

1.00

0.00
0.611

30.00 OA. BURNUP = 3300u.MWD. FLUX= 1.67+130/CM•12-SEC

SEPARAT/ON

1.55+01
1.81+01
3.63-05

6.47-03

2,18+03
2.41-04

1.50+02

4.05+02
1.38+00

8.38+00

1.03+02
1.37.00

5.42+02

5.13+03
1.54-01

5.u4+01
3.26+0a

1.71-01
2.57+0u

5.3E-01

2.15-02
8.31+01
8.28+0u

2.03+00
5.08+00

9.76-01
3.87+00

8.75-07

2.12+04

2.12+04

1.0+00 YR

9.04-03

1.06-02

3.63-05

3.16-12

1.55+03
2.41-04

1.76+02
3.96+02

3.56-09

2.17-oe

4.I9-U2
1.30-08
2.22+,17

2.10+33

1.93-11

3.87+01

7.87-03
4.13-04

2.55+CO

S.08-01
7.56-03
7.96+01
5.65+00

9.52-08
1.52-01

4.88-01

1.93+00
8.74-07
8.69..u3

b.69+03

NUCLIDE THERMAL POcER. kATTS

BASIS = MT HLAVY METAL CHARGED TO REACTOR

1.0+01 Yk

0.PC0
0.00
3.63-05
n.00
7.41+01
2.41-04

1.43+02

3.21+02

0.(10
0.00

0000
0.00
7.30-02

6.91-01

n.ou
3.58+90

o.00
1.15-27
2.37+uo
3.02-ul
u.on
5.39+01

1.80-91

0.00

0.30

9.54-04
3.78-03

8.70-07

8.75+02

8.75+02

I.L,+02 YR

U.OU

0.00
3.63-05

0.011

4.54-12

2.41-n4

1.79+01

4.02+01

0.00
0.00

U.00

0.60
0.0U
U.00

O.UE
1.64-10

0.00

0.00

1.16+00
1.6/-03

0.0G
1.09+00
1.95-16

0.00

U.00

0.00

CI•U U

8.26-07

8.83+01

8.83+01

1.40+03 YR

0.00

0.00

3.63-05

0.00

0.1_40

1.67-U8

3.76..04

0.06

0.00

0.00

0.U0

0.0C,

0.00

U.U0
0.00

o.uo
o.ue
8.92-U4

0.00

0.00
0.00

U.00
0.00

0.00

O.UO
0.00

4.91-07

3.U9-02

3.09-02

1.0+04 YR 1.0+05 Yk

0.00 U.60

0.00 O.UU
3.63-05 3.62-05

0.00 0.0U

0.00 O.UU
2.40-04 2.35-04

U.00 0.0U

0.00 0.00

0.00 0.00

0.00 O.UU

0.00 0.00

0.00 0.00
0.00 U.OU
0.00

u.nu o.uu
u.uo o.ou
u.nu
0.00 0.0:11

0.00 0.00

0.00 0.0U
0.011 0.00
j.00 0.00

U.00 0.00

0.00 0.00

u.00 0.0u

0.00 0.u0
0.00 U.OU

2.72-09 0.00

2.86-02 1.76-02
2.86-02 1.76-02

1.0+06 YR 1.0+07 YR

U•00 0•UO
U.UO 0.00

3.49-05 2.42-05

U.00 0.00

0.00 0.00
1.91-04 2.39-0s

0.00 0.00

0.00 0.00

0.00 0.00
0.00 0.00
0.00 0.0o
0.00 0.00
u.ou o.uo
o.00 o.uo
u.ou o.uo
u.ou 0•U0
u.ou u.00
u.00 o.uu
0.00 o.uo
o.uo o.on
0.00 0.0(1

u.00 o.uo
u.00 0.00
0.00 0.00

0.00 O.UO

0.00 0.00
0.00 0.00

0.00 0.00

9.07-04 5.94-05
9.07-04 5.94-05

1.0+05 YR 1.0+09 YR
0.00 0.00
U.00 0.00

6.16-02 7.18
0.00 0.00

0.00 0.00
2.24-14 0.00

0.00 0.00
0.00 0.00

0.00 0.00

U•00 0.00

0.0U 0.00

0.00 0.00

0.00 0.00

0.00 0.cm
u.01.] 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.0U 0.00

0.00 0.00

U.00 0.00
0.00 0.00
0.00 0.00

0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
6.25-07 7.38-09

6.25-07 7.38-09

-23



PLUTONIUM FUEL FRACTION IN A P;tR 3!5*. ErIFj, 1.10pTi5 AFTER 5PARAT1°"

POWER = 30.UU MA, BUHNUP • 33000•MWD, FLUX= 1.67+13N/CM•662.65EC

NUCLIDE INHALATION HAZARD, Moo3 OF AIR
BASIS = MT HEAVY METAL CHARGED TO

AT RCG
REACTOR

H 3

SE 79

KR 85
RB 86

RO 87

SR 89

SR 90
Y 90
Y 91

ZR 93
NB 93M
ZR 95
NB 95M
N8 95

TC 99
RU103
RHI03m

RU106

RH106
PD107

AG109M
CD109
AGIIOM

AGII0
CDI13m

INII4M

INI14
CD1I5m

SNII9M
SN12Im

SN123M
TEI23m

58124

58125

TE1Z5M
5N126
58126M

58126

TEI27M
TEI27

CHAkGE
0000

0000
0000
0.00

O.U0
00110

G.00
0.00
0.00

0.00
00U0
D•00
0000

0000
0.1J0

06U0
0.00

0.00
0000

0.00
0.00

0.0U
U.00
0.30
0.00

0.00
0.00
0.00
0.00

0600
0000
000U
0.00

0.00

0000
0000
0.00
0000
U.00
0.00

SEPARATION
4.56+09

8•35+07

2.30.110

3•69+08
5.74+03
2.29+14

1652+15

1.52+13

1.21+14
3.65+08
3.36+07
2.58+14

-5.48+03

1.61+14

7•24+U9
3.34+13
5.02+10
3.42+15

-.6.84+1)5

1.15+06

1.30+03
9.97+11

6.3.89+01
.5.07-"
1.45+04

6.9.82-06

5•62+10

-.1.48+01

-6.10+02

.61.92..01
1669+11

1.47+13
1034+12

4.72+08

-9.49.001
7•74+12
2.55+11

1.0+00 YR

4.31+09
8.35+07
2.16+10

4.89+02

6.741:04
1.76+12
1.48+15

1.48+13
1.63+12
3665+08

5,03+07
5.25+12

-1.12+02

3.67+12
7.24+09

5661+10

8.42+07
1.72+15

-3.43+05

1015+06
-1.48-06

7.42+02
3.67+11

_1.43+01

-4013+02
9620+01

-6.22-08

1.56+0B

-'5,36+00
-1.08-04

-6.05+01
..2.21-02
2.78+09

I•14+13

1.061.12
4.72+06

."9.346601

7.59+11

2650+10

100+01 Yk

2059+09
Be35+07

1.21+10

0000
5074+03
1.66.-07

1019+15
1.19+13
20446.05

3.65+06
1.66+08

3.166.03
-6071-14
2.28-03

7624+09
5.836.15

8.75-18
3.46+12

-6692+02

16,15+06

4.86+00
n.00

-3.09-02

0000
0.00
1.53-15

-.5014-04

-9099..05

-9080-07

0.00
9.01.608

1013+12

1•05.1I
4072+06

-9044..01

6036+02

2.10+01

1.0+02 YR
1.63+07

8034+07
3.76+07

0000
5.74+03
0000
1029+14

1029+12

0.0U
3.65+08
3.63+06

0000

0.00
0000

7.24+09

0000
0.00
3.82-15

1.15+06

0.00
0000
0.00

0.00

U.00
U.00

0.00
G.p0

0000
0.00
0.00

1.05+02

9676+00
4.72+08

0600
0600

100+U3 Yk
0.0n

8.26+07
30136.16

0.00
507t+03

000G
2•96+U4
2096+02

0.00
3.65+08
3.65+08

0.1J0
0000

0000
7.22+09

0000
0000

0000
0.00
I.15+U6

0.00
06U0
0.00
0.00
0.00
0000
0000

0000
0.00
0.00
0.00
0.00
0.00

0000
0000
4.69+06

..9037-01

..90286.01
0000

0.00

1.0+04 YR
U.00

7.51+07
U000
U.00

5.74+03
U.U0

0.00
0600
0.00

3063+06
3.63+08

0.00
0000

U.00
7001+U9

Uo00
U000

060U
0600
1614+06

0.00
0.00
Oo00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0000
0000
0.00

0600
0000

4.40+08
6.8681..01

641672.601
0000
0600

1.0+05 YR
000U
2.68+07

0.00
O.OU
5074+03

0000
0.00
0.00
0.0U
3.49+08
3.49+06

0.00
0.00
0000
5.22+09

0.00
0.00

0.00
0.0U
1•13+06

o.00

0.0U
0.00
0.00

0.00
0600
0.0U
0.00

0.0U
0.00

0.00
0.00
0000

0600
0000
2.36+08

-4.72-01
-4.67-01

O.U0

0000

160+06 YR
1.1.00
1.96+03

0.00
0.011
5,74+03

0,00

u.00
0.00

0.00
2.311+08
2.30+06
0.00
0.00
0.00
2.75+08

0.00
0.00

0.00
0.00
1.04+06

0.00
0.00
0.00

0000
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.U0
0•OU

4.61+05
9.23-04

9.146.04

0000
U.00

1.0+U7 YR
0.0U

0.00
0.00
0.00

5,74+03
0.00

0.00
0.00
0.00
3.60+06
3,604'06

11000
0.00
0.110
4.61-05

0.00
0.00

0600
0.00
4.26+05

0.00
0.0U
0.00
0.00
0.00
0.00
0000
0.00
0.00
0.00
0.00
0•UO

0.00
0.00

0.00
0.00
0000
0.00
0600
0.00

1.0+06 YR
0000
0000

0000
0000

5.73+03
0000

0•00
0600
0.011

3•15-12
3.15.612

0.00

0000
0000
0600
0000
0.00

0000
0.00

5.75+01

0.00
0600
0600
0.00
0.00
U•00
0000
0.00
U600
0.00

0000
0000
0000
0600
U•00

0000
0600

0.00
0600
0000

1.0+09 YR
0600

0000
0000
0•00
5.66+03

0000
0000
0.00
0000
0000
0000
0000

0.00
0000
0.00
0.00
0.00

0000
0.00

0.00
06,00
0.00
0600
0.00

0600
0000
0.00
0000
0000
0.00
0000
0000
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00



PLUTU4IU1•1 FUEL FbACT160 IN A P4R 3.5A EUR. PpOpERTIEs AFTER SE.PARATI0N

PO0E1t = 3U.U0 MO. BUNAUF = 33000.Miio, FLUX= 1.67+13V/Cmee2-SEC

TE129p

TE129

1129

XE131H
C5134

C5135

C5137

BA137m

BA190

LA140
CE141

PH143

CE144

PR144
ND147

PM147

PM148p

PM148

511151

E0152

GD153
EU154

EU1SS

E0156

TB160

TF1161

GD162

TB1621

I-10166m

SUbTOT

TCTAL

CHAxGE

U.00

Q.JO

0.jU
0.00

0.00
0.00

0.00

0.00

J.00
J.UJ

U.JU

3.0J

0.00
0.30

0.0U
0.00

U.U0
o.U0

J.00
0.00

0.00

O.J0

0.aU
0.0U

0.01.1

0.00

0.00
u.00

LI.JU

0.00

SEPARATION

7.79+12

4.5'.+10
2.76+09

8.32+06

E.14+14

1.65+08

2.20+14

-1.u3+05

4.13+11

1.19+11
1.05+13

1.05+11

3.31+15

-6.62+05

E,.94+U9
4.b9+13

-2.63+02

-2.11+01

7.37+11

7.51+1u

4.98+09

1.01+14

3.20+12

-2.04+02

5.98+11

-2.45-04

-2.87+02
-2.87+02

4.07+04

1.00+16

1.00+16

1.0+00 YR
4.55+09

2.9Z+07

2.76+39
4.07-03
3.67+14

1.65+08

2.15+14

-j.01+05

1.07+03

3.07+02
4.26+09
9.97+02

1.36+15
-2.72+05

7.43-01
3.75+13

7.31+11
7.09+1j
1.75+09

9.7U+13
2.24+12

1.79+10

+2•87..20

.+1.43+02

+1.43+j2

4.06+04

S.32+15
5.32+15

NUcLIDE INHALATION HAZAkD. H41.3 OF AIR AT NCG

BASIS = MT HEAVY METAL CHARGED TU REACTOR

180+01 Yk

O.U0
0.00

2.74+09
0.00

1.75+13

t.65+05

1.75+14

-8.18+04

0.LJG
o.00

0.00

0.00

4.46+11

..n.ÿ2+01

0.n0
3.47+12

0.00
-1.4225

6eBa+11

4.21+10
0.00

4.57+13

7.13+10

0.00

0.00
0.00

-2.80-01

4.p4+04

1.47+15

1.47+15

1.0+02 YR

0.00
0.00
2.76+09

0.00
1.07+00
1.65+08

2.19+13

.1.02+04

O.U0

U.00
0.00

0.00

0.0U

o.ou

0.U0
1.59+02

0.00

3.32+11
2.33+08

6.00

1.33+12

7.73-05

0.00

0.00
0.00
0.00

0.0U

3.89+04
1.54+1g

1.54+14

1.0+03 Yfi

0.00

0.00
2.76+Ly

0.0C

0.00
1.65+60

2.05+04

-9.57.06

0.110
0.00
0.00

0.00

0.0e

0.00
0.00
0.00

0.00

0.00
2.56+uct

0.60

0.0U

0.00

0.60

0.00

0.00
O.UU

0.00
0.00

2.28+04
1.17+10
1.17+Iu

1.0+04 Yp

0.00

LI.U0
2.76+09

0.00

0.00
1.65+00

0.00
U•llO

0., 00
u.00

6.00

0.00

0.00

0.00
0.00

0.uu

0.00
u.00

0.00
0.00

u.00

0.011

U.00

0.03

0.00
U.OU

0.0U

0.00
1.26+02

1.12+10
1.12+1p

1.0+05 YN 1.0+06 YR 1•E+U7 YR 1.0+00 YR I

0.00 0.00 0.00 0.00

U.UU 0.00 0.00 0.00

2.75+09 2.65+09 1.04+09 4.60+07

0.00 0.00 0.U0 0.00

0.00 0.00 0.00 0.00

1.61+08 1.31+011 1.64+07 1.53-02

0.uu 0.00 0.00 0.00

0.6d 0.00 0.00 0.00

0.60 U.00 0.00 0.00

O.uU 0.00 0.0U U.00

0.00 0.00 0.00 0.00

0.06 0.00 0.00 0.00

0.0U U.OU 0.00 0.00

o.uU U.UU 0.00 U.OU
U.uu 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 6.00 0.00 0.00

0.00 U.00 0.00 0.00

0.00 0.0U 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.U0 U.00

O.UU 0.00 0.00 U.00

0.0U U.OU 0.00 0.00

U.OU 0.00 0.00 U.CO

04,00 u.OU 00Uo o.00

0.00 0.110 0.00 0.00

0.00 0.00 0.00 0.00

0.U0 0.00 0.00 0.00

0.00 0.00 0.00 0.00

9.09+09 3.52+09 1.86+09 4.68+07

9.09+09 3.52+U9 1.86+09 4.68+07

.0+0 YR

0.00

OsCC

0.00
C.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

O.U0

0.00

0.00

0.00
0.00

0.00
0.00
0.00

0.00

0.00

0.00

0.00

0.00

5.66+03
5.66+03



PLUTONIUM FUEL FRACTION IN A FaR 3.05 ENR! PROPERTiES AFTER SgPARAT;ON

POWER = 30.00 MW, BURNUP = 33000.MWD, FLUX.. 1.67+13N/CM 40.2..SEC

CHARGE
H 3 0000

SE 79 0.00
KR 85 0.00
RB 86 0.00
RB 87 0.00
SR 69 U.OU
SR 90 0.00
Y 90 0.00
Y 91 04100

ZR 93 0.00
NB 9311 0.00
ZR 95 0.00

N8 95M 0.00
NB 95 0.00
TC 99 0..00
RU103 J.00

RH103M 0.00
RU106 0.00
RMI06 0.00
PD107 U.D0
AGIU9M 0.00
CD109 0.00

AGIIOM 0.00
AGII0 0.00
CDII3M 04,00
INII4M 0.00
IN1I4 U.00
CUI15M 0.00
SNI191.1 0.00
SN12IN 0.00
SN123N 0.00
TEI23M 0.00
58124 0.00
58125 04,00

TEI25M O.UO
SN126 0.00

5B126M 0.00
SB126 0.00
TEI27M 0.00
TEI27 0.00

SEPARATION
3.04+05
8.35+01

-6.91+03
3.69+04

1,15.-01
2.29+10
1.52+11

2.28+09

4.02+09
1.83+03

3.38+02
4.30+09

-5.48+03
4.83+09
7.24+04
1.25+09

1.00+07
6.84+10
-6.84+05

2.29+02
-2.59-06
1.30-02
9.97+06

-3.89+01

5.09-01
-9.82-06

1.137+06
-1.98+01

-1.09-04

-.6.10+02
-1.92-01

6.60+06
1.32+08
5.35+07
2.36+03

-9.44-01
-9.49-01
1.55+08
3.82+07

1.0+00 YR
2.87+05
8.35+01

-6.48+03
4.89..02

1.15-01
1.76+08
1.48+11
2.23+09

54,44+07
1.83+03

5.43+02
8.76+07
1.12+02
1.164.0a

7.24+a4
2.10+06

1.68+04
3.43'0 10

-3.43+05

2.29+02
1.411.06

7.42-03

3.67+06
-1.43+01

3.22.-03
-6.22-08
5.21+03

.4.5.38+00

-8.05+01
-2.21-02
9.72+04

1.02+08
4.23+07
2.36+03

1.52+07

3.75+06

NUCLIDE INGESTION HAZARD. mo103 oF WATER AT RCG
BASIS MT HEAVY METAL CHARGEU TO REACTOR

1.0+01 yR 1.0+02 YR 1.0+03 YR 1.0+04 YR 1.0+05 YR
1.73+05 1.09+03 0.00 0.00 0.00
8.35+01 6.34+01 8.26+01 7.51+01 2.8.8+01

-3.64+03 -1.13+01 ..9.38..25 0.00 0.00
0.00 0.00 0.00 0.00 0.00
1.15-01 1.15-01 1.15..01 1.15-01 1.15-01
1.66-11 0.00 0.00 0000 0.00
1.19+11 1.29+10 2.96+00 0.00 0.00
1.78+09 1.94+08 4.44-02 0.00 0.00
8.13-10 0.00 0.400 04,00 0000
1.63+03 1.82+03 1.82+03 1.82+03 1.74+03
1.66+04 3.63+03 3.465+03 3.63+03 3.49+03
5.27-08 0.00 0.00 0.00 0.00

-6.71-14 0.00 0.00 0.00 0.00
6.85-08 0.00 0.00 0.00 0.00
7.24+04 7.24+04 7.22+04 7.01+04 5.22+04
2.19-19 0.00 0.00 0.00 0.00
1.75-21 0.00 0.00 0.00 0.00
6.92+07 7.64-20 0.00 0.00 0.00

-6.92+02 -7.64-25 0.00 0.00 0.0U
2.29+02 2.29+02 2.29+02 2.29+02 2.27+02

-9.72.09 0.00 0.00 0.00 0000
4.86-05 0.00 0.00 04,00 000U
0.00 U.00 04,00 04,00 0000
-1.76-03 04,00 04,00 0.00 0.00
-3.09-02 4-34,5904 0.00 0.00 0.00
0.00 0.00 04,00 0.00 04,00
0.00 0000 0.00 0.00 04,00
5.12-20 0.00 0.00 0.00 0000

-54,94-04 0.00 0.00 0.00 0.00
-9.99-05 -4.40-.05 0.00 0.00 0.00
-9.80-07 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
3.15.-12 0.00 04,00 0.00 0.00
1.01+07 9.42-04 0.00 0.00 0.00
4.20+06 3.9U-04 0.00 0.00 0.00
2.36+03 2.36+03 2.34+03 2.20+03 1.18+03

-9.44-01 -9.43-01 -9.37-01 -8.81-01 -4.72-01
-9.344-01 -.9.344-01 -9.28-01 -8.72-01 -4.67-01
1.27-02 0.00 0.00 0.00 0.00
3.14-03 0.00 0.00 0.00 0.00

1.0+06 YR 1.0+07 YR
0.00 0.00
1.96-03 0.00
0.00 0.00
0.0U 0.00
1.15-01 1.15-01
0.00 0.00
0.00 0.00
0.00 0.00

O.00 0.00
1.15+03 1.80+01
2.30+03 3.60+01
0.00 0.00
0.00 0.00
0.00 0.00
2.75+03 4.61-10
0.00 0.00
0.00 0.00
0.400 0.400
O400 0.00
2.07+02 8.51+01
0.400 0.400
0.00 0.00
0000 04,00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 U.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.400
0.00 0.00
0.00 0.00
0.00 0.00
2.31+00 0.00

..9.23-04 0.00
-.9.14..04 0.00
0.00 0.00
0.00 0.00

1.0+08 YR
04,00
0.00
0.00

0.00
1.15..01
0.00
0.00
U4,00

0.00
1.57..17
3.15-17
0.00
0.00
04.00
0.00
0.00
0.00

0.00
0.00
1.15.02
04,00
0.400
0.400
0.00
04,00
0.00
0.00
04,00
0.00

0.00
0.00
04,00

0.00
0.00
0.00
04,00
0.00
0.00
04,00
0.00

1.0+09 YR
0.00
0.00
0.00
04400
1.13-01
0.4013
0.00
0.00

0.00
0.00
0.00
0.400
0.00
0.00
0.400
0.400
0.400
0.00
0.00
0000
0.00
0000
0.00

01400
04,00
0.00
04,00
0.400
04,00
0.00
0.400
0.00
0.00
0.00
0.00
0.00
0.400

0.00
0.00
0.400



PLUTUNIUM FUEL FRACTION IN A P'YR 3.5% 0,12. PROPERTIES AFTER SEPARAT10i4

POWER = 30.0U MA, 80120UP = 33000.100 e FLUX= 1.67+13N/CHeo2-5EC

AUCLIDE INuESTICN HA2ARU, 0**3 uF AA1ER AT KCG

BASIS = NT MEAVY METAL CHARGE0 TO REACTOR

CHARGE

TE129H 0.00
TE129 0.00
1129 0.00

1131 U.u0

XE1318 O.U0
XE133 C.00
C5134 0.00

C5135 U • U0

C5137 0.00
dA137m 0.00

BAI 40 0.00

LAI 40 0.00

CE141 0.00

PRI43 0.09
CE144 g.u0
PRI44 0.00
NO147 0.00
PH147 0.U0
P81480 0.00
PH148 0.00

sMlSl 0.00
EUI52 O•tM
UEI53 0.00

EUI54 0.00
EUI55 0.00
EUI56

7516C 0.00
76161 0.00
(10162 0.00

TB162M 0.00

H0166M U.00

SUBTOT 0.00

TOTAL 0.00

SEPARATION

3.1)9+08

6.24+06

5.19+05

7.63+06

-.3.33+00

-5.24-03

2.29+10
4.96+03

5.51+09

-1.03+05
2.07+07

2.38+07

5.84+08

1.26+07

6.62+10

-6.62+05
7.92+05
4.89+08

-2.63+02

-2.11+91
3.t8+06

3.75+05

7.47+04

5.07+06

4.92+07

-2.U4+02
1.49+07

-2.67+02
-2.87+02

1.63-03
3.57+11

3.57+11

1.0+00 YR

2.28+05
3.65+03

9.20+65
1.69-07

-1.63-L9

-7.25-24

1.63+10

4.96+03

5.39+U9

...1.01+05
5.34-02

6.1 4-U2

2.36+05

1.20-01

2.72+10
-2.22+05

9.90-n5
3.75+06

-6.35-01

-5.10-02
3.65+06

3.54+05

2.62+04

8.85+08

3.35+07

4.4/+0s

-▪ 1.43+02
-1.43+02
1.63..03

2.35+11

2.35+11

1.0+01 YR

0.00

0.00
9.20+0E,

0.00

0.L0
7.78+08
4.96+03

4.37+09

-8.18+04
0.00

0.00

0.00

0.00
8.92+06

-R.92+01

0.00
3.47+07

0.00
-1.42-25

3.40+06

2.11+05

0.00
3.29+08

1.07+06

0.00

0.00

0.00
-2.80-01

1.62-03

1.26+11

1.26+11

1.0+02 YR

0.00

0.00

4.20+0S

0.00

6.00
4.76-n5

4.96+03
c..47+08

..1.02+04
0.0u

U.OU
6.00

U.OU

3.00

0.00
L.OU
1.59-03

0.00

0.00
1.66+06

1.17+03

0.110

6.66+06

1.16-09

0.0U

0.00

0.0U
0.00

0.00
1.54-03

1.37+10

1.37+10

1.0+03 Y1:
0.00

9.00

9.2f1+05

O.U7
0.00

0.0n

O.UL
:4.95+03

5.12-01

0.00

0.0G
0.un

(3.00

u.uu
6.00

0.00
0.n0

U.L0

0.00
1.28+03

0.00
0.00

U.GG

0.1:0

0.00

OeUC

0.00
0.00

0.00
9.13-04

1.01+U6

1.01+06

1.0+04 'IF.

U.00

u.00
9.211+1.0:

Li.OU

0.00

0.00

0.00
4.94..u3

0.00

0.00
0.00

0.00
0.0U

0.00
0.00

0.00
0.00

0.00

u.OU

0.00

0.00
U.00

0.00

0.00
0.00

0.00
0.00

U.00
0.00

0.00

5.05-06

1.00+06

1.00+06

.W.U5 YR 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09 YR

0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00
9.16+05 8.83+05 6.12+U5 1.56+04 1.62-12

0.00 0.00 0.00 0.00 0.00

0.u0 u.ou 0.09 0.00 0.00

0.00 U.0U 0.0U D.OU 0.00

O.UU 0.0U 0.00 0.00 0.00

4.84+03 3.93+03 4.92+U2 4.60-07 0.00

0.0L 0.00 0.un 0.0u 0.00

0.00 u.00 0.00 0.00 0.00
0.U0 0.00 O.UO 0.00 0.00

0.00 0.00 0.00 0.00 0.00

0.0U 0.00 9.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.0U U.OU 0.00

0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

0.00 u.ou 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

0.00 u.OU 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

O.U0 U.Ou 0.00 U.00 0.00

0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00

0.0U 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00
9.60+05 6.93+05 6.13+05 1.56+04 1.13-01

9.80+05 8.93+05 6.13+05 1.56+04 1.13-01



APPENDIX 2.E

HTGR PLANT WASTE

(Power 65 MW/MT, Burnup 94, 271 MWD/MT, Spent
Fuel Processed 365 Days After Discharge, 0.5%
Loss to Waste During Reprocessing Plus U-235
Recycled Makeup that is Discarded Without
Reprocessing)
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2.E.1 BNWL-1900

HTGR PLANT WASTE

Summary Tables

►



THERMAL PoWER

WATTS PER METRIC ToN oF FUEL

TIME,YEARS 0 1 10 100 500 1000 1.00E+04 I.00E+05 1.00E+06 1.00E+07 l onE+oft 1.00E+09
AFTER YR 2000

CLADDING 2.29E+01 1.99E+01 5.94E+00 5.23E-04 2.36E-05 5.46E-07 5.64E-11 5.41E-11 3.58E-11 5.67E-13 5.72E-31 .00E+00

STRONTIUM 2,13E+03 2.00E+03 1.60E+03 1.74E+02 9.05E-03 3 ..49E-OR .D0E+00 .00E+00 .00 E+00 .00E+00 .00 E+00 .00 E+00
CESIUM 7.56E+03 5.81E+03 1.46E+03 1.57E+0? 1.57E-0? 3.29E-04 3.28E-04 3.?1 E-04 2.61E-04 3.27E-05 3.10E-1 e .00F.+On
SR+CS 9.69R-03 7.81E+03 3.06E+03 3.31 E+0? 2.47E-0? 3 .P9E-04 3.PRE-04 3.21E-04 P.61E-04 3.27E-05 3.10E-1 4 .00E+00
FP-SR-CS 1.14E+04 4.53E+03 I .30E40? 1.98E+00 4.48 F.-0? ? .57E-02 2.45E-02 1.80E-0? 1.49F-03 6.14E-05 I .31E-06 1.65E-PP
KR85+ 1129 9.63E+01 9.03H-01 5.07E+01 1.60E-01 7.67E.-05 7.67E-05 7.67F-05 7.64F-05 7.36E-05 5.11E-05 1.31E-04 1.65E-2?
FISSI ON PROD. 2.11 R-04 1.23E+04 3.19E+03 3.33E+02 6.95E-0? P.60E-02 P.49E-02 1.84E-02 1.75E-03 9.41E-05 1.31E-06 1.65E-2?

(0-14 WASTE 5.55E-01 5.57E-01 5.57E-01 9.IFE-01 4.90E-01 4.RRE-01 4.7?E-01 3.41E-01 2.20E-02 5.98E-03 R.IRE-04 3.113E-04
PU FUEL WASTE 2.37E+0? 2.36E+02 2.2?E+02 1.16E+02 1.18E+01 5.69E+00 2.23E+00 5.20E-01 1.51 E-01 1.34E-02 6.06E-04 1.47E-05
TRA NS P 11 9.05E+01 6.26E4-01 4.06E+01 5.18E+00 3.85F+O0 3.79E+00 3.57E+00 3.28E+00 2.44E+00 1,31E-01 1.7 AE-05 4.50E-06

TOTAL WASTE P.15E+04 1.27E+04 3.46E+03 4.55E+02 1.62E+01 1.00E+01 6.?9E+00 4.16E+00 2.62E+00 1.51 E-01 1.44E-03 3.96E-04

RA DI oACTI VI TY

cuat Es PER METRIC TON OF FUEL
(PARENTS AND DAUGHTERS IN CNA! NS ARE INCLUDE() IN TOTALS)

TIME,YEARS 0 1 10 100 500 1000 1.00E404 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09
AFTER YR 2000

CLADDING 1.99E+03 1.68E+03 4.23E+02 3.06E+00 1.90E-01 4.50E-02 3.84E-02 1.76E-02 7.48E-06 4.76E-09 4.80E-27 .00E+00

STRONTIUM 5.92E+05 5.55E+05 4.45E+05 4.83E+04 2.51E+00 1.11E-05 .00R-00 .00E+00 .O0E+00 .00E+00 .00 E+00 .n0E+00
CESIUM 1.16E+06 9.86E+05 4.93E+05 5.93E+04 6.47E+00 6.77E-01 6.75E-01 6.62E-01 5.37E-01 6.73E-02 6.39E-11 .00E+410
SR+ CS 1.75E+06 1.54E+06 9.37E+05 1.08E+05 8.98E+00 4.77E-01 6.75E-01 6.62E-01 5.37E-01 6.73E-02 6.39E-11 .00E+00
FP-SR-CS 2.76E+06 1.17E+06 5.25E+04 5.69E+02 5.43E+01 4.33E+01 4.19E+01 3.18E+01 5.55E+00 1.60E-01 ?.00 E-03 P.51E-19
KR85+1129 5.92E+04 5.55E+04 3.12E+04 9.83E+01 1.17E-01 1.17E-01 1.17E-01 1.16E-01 1.12E-01 7.76E-02 1.95E-03 2.51E-19
EISSI ON PROD. 4.51E-06 2.71 E+06 9.90E+05 1.08E+05 6.32E+01 4.40E+01 4.25E+01 3.25E+01 6.09E+00 2.27D-01 200E-03 2.51E-15

TH WASTE 3.69E1-01 3.88E+01 4.15E+01 3.07E+01 2.28E+01 2.26E+01 2.19E+01 1.60E+01 1.04E+00 2.30E-01 3.89E-02 1.73E-02
PU FUEL WASTE 1.15E+04 1.13E+04 9.43E+03 3.57E+03 3.37E+02 1.19E+02 4.43E+01 2.93E+01 6.62E+00 2.48E-01 2.65E-03 1.02E-03
TRANS PU 2.68E+03 1.92E+03 1.30E+03 2.87E+02 2.47E+0? 2.44E+0? 2.37E+02 2.24E+02 1.67E+02 9.00E+00 1.02E-03 3.95F-04

TOTAL WASTE 4.53E+06 2.72E-06 1.00E+06 1.12E+05 6.70E+0? 4.30E+02 3.45E+02 302E+0? 1.81E+02 9.70E+00 4.45E-02 1.87E-02
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INGESTIoN TOXICITY

THE INGESTIoN TOXICITY INDEX IS THE BASF 10 LoGARITHM
CUBIC METERS oF WATER PER ToN oF FuEL To DILUTE TO RCG

OF THF

TIME,YEARS 0 1 10 100 500 1000 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.0(1E+OR 1.00E+n9

AFTER YR 2000

cLp0mNs 7.68 7.62 7.11 5.00 3.71 2.32 2.28 1.94 -1.43 -4.71 *****

STRoNTIUm 11.9S 11.97 11.87 10.91 6.6? 1.27
CESIUM 10.89 10.77 10,15 9.17 5.IR 3.83 3.S3 3.S2 3.73 2.83 -6.19
SR+CS 12.01 11.99 II,8S 10.91 6.64 3.83 3.83 3.82 3.73 2.83 -6.19
FP-SR-CS 11.07 10.69 8,6S 7.04 6.34 6.33 6.33 6.3? 6.?P 6.11 4.5? *****

101135+1129 6.29 6.29 6.29 6.29 6.29 6.29 6.29 6.29 6.27 6.11 4.52 *****
FISSION PROD, 12.06 12.01 11.88 10.91 6.81 6.33 6.33 6.32 6.28 6.11 4.5?

U1-TH FUEL WASTE 7.47 7,e7 7.47 7.47 7.46 7.46 7.45 7.34 6.?3 4.70 4.64 4,58
PU FUEL WASTE 9.16 9.15 9.13 8,87 8.20 8.09 s.04 7.9? 6.87 4,61 ?.7R 2.39
TRANS PU 8.48 8.42 8.28 7,67 7.6? 7.62 7.60 7.57 7.45 6.18 2.36 1.98

ToTAL WASTF 12.06 12.0? II.RS 10.92 8.37 8.29 8.25 R.I6 7,59 6.46 4.89 4.58

***** TOXICITY INDEX IS LESS THAN -10
RCG IS RA91oNUCLIDE CoNCENTRATIoN GUIDE BASED UNA 10 CFR ?0

INHALATIoN ToXICITY

THE INHALATION TOXICITY INDEX IS THE BASF 10 LoGARITHm oF THF
CURIC METEPS oF AIR To DILUTE To RCG PER METRIC ToN oF FUEL

TIME,YEARS 0 1 10 100 500 1000 1.00E04 1.00E+05 1.00E+06 1.00E+07 1.00E408 1.00E+09
AFTER YR 2000

CLADDING 12.68 12.62 12.10 9.18 7.88 6.32 6.28 5.94 2.72 .41 *****

STRONTIUM 15.98 15.97 15.87 14.91 10.62 5.27
CESIUm 15.30 15.20 14.72 13.77 9.78 8.35 8.35 8.34 8.25 7.35 -1.67
SR+CS 16.06 16.04 15.90 14.94 10.68 8.35 8.35 8.34 8.25 7.35 -1.67 *****
FP-SR-CS 15.78 15.41 13.94 12.25 10.51 10.43 10.42 10.34 9.93 9.59 8.00 -7.90
10485+1129 11.31 11.28 11.04 9.79 9.77 9.77 9.77 9.76 9.75 9.59 8.00 -7.90
FISSION PROD, 16.25 16.13 15.90 14.94 10.91 10.44 10.43 10.34 9.94 9.60 8.00 -7.90

UFTH FUEL WASTE 13.51 13.52 13.53 13.47 13.42 13.41 13.40 13.26 11.95 10.95 10.60 10.31
PU FUEL WASTE 17.01 17.01 16.98 16.67 15.44 14.73 14.28 13.57 12.92 11.50 9.85 9.47
TRANS PU 15.81 15.79 15.68 15.15 15.10 15.10 15.08 15.05 14.92 13.65 9.44 9.06

TOTAL WASTE 17.10 17.08 17.03 16.69 15.61 15.26 15.16 15.07 14.93 13.66 10.70 10.39

  TOXICITY INDEX IS LESS THAN -10
RCG IS RADIONUCLIDE CONCENTRATION GUIDE BASED UPON 10 CFR 20
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2.E.4 BNWL-1900

HTGR PLANT WASTE

Actinides

1



HT6i, 1,UP oF ALL .ASTE sTPLA ,13 PFOPtnTIL5 AFTL6 5LFARATIOh

PriaLR = t4.S/ BUkuUP = 94271."1,00, FLUX= 8.05+13N/Cho.2-SFC

NUCLI0( CoNCEt.TF,Af1W,s.

rnSIS = NT HEAVY rETAL CHAAGEu TO tEACT0k

ChA4GE SEPAKAII0u 1.C+60 1.0+01 Y1: 1.C+02 YR 1.1.3+0 3 Y4 1.u+04 1.0+1,5 Y 6 1.0+06 YR 1.0+07 Yii 1 .0+08 YR 1.C+U9 YR

HE 4 0.LU 4.80-d1 1.99+00 1.11+01 2.14+bl 2.59+01 5.36+01 2.46+02 4.82+02 5.68+02 6.85+02

TL2U7 0.00 4.L.6-10 B.44-1 1.4V-09 4.14-09 4.21-by 3.48-J9 5.16-1b 6.75-12 6.69-12 6.13-12 2.55-12
TL208 c.OU 2.43-07 1.4J-09 1.73-09 7.33-10 6.94-13 5.67-13 5.69-13 b.87-13 7.40-13 1.21-12 1.20-12

P8206 U.00 3.7u-lu 7.63-1G •12-Ub 1.42-03 v.10-01 9.07+a1 9.98+02 1.10+03 1.12+u3 1.34+03

P6207 5.6b-0f, 9.2a-c5 2.4L-02 3.16-01 2•95+0c 1.36+ul 1.59+01 2.05+01 6.45+01 3.45+02

Pe206 U.00 2.36-01 2.4u-01 2.45-01 2.2v-01 3.c6-J1 3.23-01 4.93.g1 2.45+00 3.39+01 3.93+02

Ph2C9 3.00 2.34-08 1.42-1J 3.sn-Iu 2.42-09 2.27-00 1.51-02 2.9u-U7 2.81-07 1.42-04 3.39-21 0.00

PB210 0.00 1.2b-Ou 1.97- 7.34-06 S.20-C7 1.3c-64 6.02-03 4.71-U2 6.53-03 8.02-06 7.91-06 6.69-u6

PB211 j.u0 3.13-09 4.20-J9 1.15-0b 3.19-08 3.45-08 3.90-09 5.20-11 5.15-11 4.72-11 1.96-11

P8212 'I•00 1.41-04 6.16-07 4.26-u7 4.03-1J 3.31-10 3.41-1O 4.30-10 7.04-10 6.95.1u

81209 0.00 1.55-04 1.5Y-W1 1.63-04 J.94-04 2.1C-u2 1.60+0u 4.4,4+01 5.53+02 2.0a+u3 2.1 7+03 2.17+03

81 210 U.UU 6.33-12 1.29-11 4.29-11 3.45-10 9.02-ui .;.93-06 3.66-05 5.57.06 5.24-09 5.1 7-09 4.50-09

dI 211 0.00 2.5u-1c 1.9u-o9 1.93-u9 1.60-u9 2.37-10 3.10-12 3.07-12 2.81-12 1.17-12

61212 0.JU 1.34-603 2.77-,Jm 9.53-01, 4.b6-08 3.64-11 3.1 4-11 3.15-11 3.25-11 4.10-11 6.71-11 6.62-11

0j213 J.01, j.45-11 ,.47-[1 5.H5-10 5.j6-uv 1•61,06 7.02-08 6.81-08 3.43-09 8.2u-22 0.00

P0210 r;•W_J 1.6,-A, 2.86.1 1.32-09 9.5u-09 2•41- -u6 1•011-64 6.46-04 1.54-04 1.44-617 1.42-07 1.24-U7

P62)6 J.66 4.03-12 1.71-12 1.51-1S 1.32-15 1.32-15 1.37-15 1.72-15 2.82-1S 2.28-15

RN219 6.tuJ 2.2J-11 6.11-11 6.23-11 1:.11-11 7.62-17 9.97-14 9.u3-14 9.05-14 3.76-14
Rh226 • 2.1h- i/ 1.24-69 1.5)-69 6.46-10 s.o2-13 5.u3-13 19-13 6.b7-13 1.07-12 1.06-12
R1,,222 J.60 I • Y- I u • 1 •19-1J 1.22-10 4.25-10 7.2/-u,„ 3•1 7-06 4.49-06 4.22-U9 4.17-69 3.63-09

FR221 6.0u-10 3.65-1k 3.9i•-12 6.20-11 3.E1 7-L;,i 7.44-09 7.21-09 3.64-lo 8.69-23 0.UO

FK223 u.,JU 3.7a-11 2.Fa-10 2.4J-L6 2.42-11, 3.t-11 4.69-13 4.65-13 4.26-13 1.77-13
RA223 0.J0 1.'31-06 2.02-J6 5.h1-06 1.133-uS 1.29-0b 1.91-U6 2.50-08 2.48-u6 2.22-08 9.43.09

RA124 0.J6 1.23-33 7.10-7)6 d.76-06 3.71-06 3.S1-09 2.82-09 2.66-09 2.97-U9 3.74-U9 6.13-09 6.05-09
RA225 O.LIU 2.73-06 2.bA-02 21-uó 1.7S_J5 3.36-US 3.26-05 1.64-U6 3.93-19 U.00
RAC26 UeJLI 1.(16-uS 1.91-oh 6.62-05 1.1:1-62 1.94-J1 3.B2+00 7.00-01 6.58-04 6.49-04 5.65-u4

hAi2b 1.64-04 1.4b...;!4 1.1+/-06 1.96-u6 1.97-U6 2.03-06 2.56-06 4.20-06 4.14-06

AC225 0.00 1.153-06 1.12..104 1.8V-j7 1.74-06 1•16-LS 2.27-U 2.20-05 1.11-06 2.65-19 0.00

AC22/ 0.00 1.1u-33 1.42-3 3.88-03 1.Ud..02 1.1L-02 9.08-03 1..3S-03 1.76-05 1.75-05 1.60-05 6.64-06

AC226 0.612 1.71-08 6.2j-O9 7.05-10 2.05-1b 2.05-1c 2.U6..1G 2.12-10 2.6/-10 4.38-10 4.32-10
Thi27 U.00 1.22-T6 d.83-06 4.4.-05 2.J6-65 3.u6-06 4.00-08 3.97-09 3.64-08 1.51-06

TH22b 0.60 1.19-13 1.30-j3 1.71-0.3 2.23-61 5.66-62 5.62-07 s.79-07 7.3b-C7 1.20-06 1.18-06

TH229 6•OU 2.54-03 3.03-03 7.44-jj S.14-02 4.71-01 J.21+0 6.17+01, 5.96+00 3.01-01 7.2o-14 0.110

Tu230 0.00 3.5J-03 8.9i-03 1.39-01 3.21+uu J.23+01 1.96+02 3.56+01 3..3S-02 3.3u-02 2.87-02

TN231 0.0U 1.29-lu I.27-uv 1.27-i9 1.27-09 1.3c-us 1.52-09 2.35-09 2.42-09 2.40-U9 2.20-u9 9.14-10

TH232 9.07+05 4.26+03 4.204.'13 4.20*JJ 4.26+03 4.2(J+03 4.21+03 4.22+03 4.3+03 5.46+03 8.98+03 8.86+03

TH234 0.60 4.43-60S 2.66-,th 2•61,-jn :2.06-08 2.66-61, 2.62-0E, 2.65-08 2.79-08 2.81-08 2.27-08 2.41-08

PA231 b.f.0 1.72+01 1.72+01 1.72+01 1.22+01 1.66+IJI 1•39+01 2.06+00 2.70-02 2.67-u2 2.45-02 1.02-02

PA233 0.0u 2.19-01 9.79-u5 2.66-0'3 7.26-05 7.95-O5 8.01-05 7.76-US 5.81-05 3.1S-06 6.94-19 0.00

j232 1.42+01 6.7a-02 6.77-,12 6.39-02 2.70-02 4.67-06 6.00 0.60 0.00 0.00 0.00 0.00



HTGR SUM OF ALL dASTE STREAMS PROPERTIES AFTLR SEPARATION

POViEN = 64.57 Mw. BURNUP =

U233

U234
U235

U236

U237

U238
NP237

NP239

PUZ36
PU233

PUZ39

PU240
P0241

PU242

AM241

AM242m
AM242

A11243
CM242

CM243

CM244

CN245

CM246
CM247

SUBTOT

TOTAL

CHARGE SEPARATION

2.33+04 1.12+02

1.03+04 1.58+02
4.65+04 3.14+02

8.12+03 5.u2+03

0.00 1.58-08

4.74+03 1.65+03

0.00 2.22+03

0.00
0.00 2.79..03

3.U0 1.11+03

0.00 2.45+02

0.00 1.45+02

0.00 1.U.1+02
0.00 1.06+02

0.U0 8.01+0U
u.00 3.56.-02

0.00 4.28-07
0.00 3.89+01
0.0U 2.72-01

0.00 2.91-02

0.0C 1.90+01

U.00 8.95-01

0.00 3.56-01

U.00 7.S1-J3

1.00+06 1.57+04

1.00+06 1.57+04

94271•MhD, FLUX= 8.05+13N/CM=42-SEC

1.0+00 YR

1.17+02

1.66+02

3.14+02
5.02+03

3.01-06

1.85+03
2.22+03

3.22-05

2.18-03

1010+03

2.45+j2
1.45.1.u2

9.78+91
1.06+02

1.27+01
3.55-A2

4.26-07
3.89+01

5.77-02

2.84-02

1.83+01
h.95-01

3.56-01
7.51-03

1.57+04
1.57+04

NUCLIDE CONCENTRATIONS, GRAMS

BASIS = MT HEAVY METAL CHARGED TO REACTOR

1.0+01 YR 1.0+02 YR

1.17+02 1.17+02

2.39+02 7.46+02

301 4+02 3.15+02

5.02+03 5o03+03
1.97.06 2.92..08

1.85+03 1.85+03

2.22+03 2.23+03

3.2105 361'9+05
1•67..14

1.02+03 5603+02

2.45+02 2.45+02

1.50+02 1.61+02

6012+01 9.50.01
1.06+02 1.064.02

4.59+01 9.63+01

3.40-02 2.26-02
4.09-07 2.71-07

3.88+01 3.85+01

8.20.-05 5.44-05

2.34-02 3.33-03

1.29+01 4.12-01
8.94-01 8.88-01
3.55-01 3.5101
7.51-03 7.51-03

1.57+04 1.57+04

1.57+04 1.57+04

1,0+03 YR

1.17+02

1.24+03

3.21+02

5.04+03

3.99-11
1.85+03

2.3I+U3

2.94-05

0.00

4.60-01
2.42+02

1.47+1)2

1.30-03
1.06+02

2.31+01
3.73-04

4.48-04

3.55+1)1
8.98-u7

1.14-11

4.47-16

8.31-01

3.13-01
7.5I-U3

1.57+04
1.57+04

1.U+04 YR
I.19+U2

1.21+03
3.77+02

5.13+03

2.04-11

1.85+03

2.32+03

1.30-05

0.00
6.45-22

2.04+1)2

5.86+Ul

6.66-04

1.05+02
1.95..02

5.64-22
6.78-27

1.57+ui
1.36-24

0.00

0.00
4.25-01

1.00-01

/.51-03
1.57+04

1.57+04

1.0+05 YR

1.35+02

9.41+02

5.82+02

5.17+03
2.54-14
1.87+03

2.26+03

3.75-u9

0.00
0.00
1.76+01

5.77-03

8.26-U7

8.88+01

2.42-0S

0.00

0.00
4.53-03

0.00
0.00

0.00
5.28-04
I.15-u6

7.48-03

1.57+04

I.57+U4

1.3+06 YR 1

1.35+02

7.55+01

5.99+02

5.04+03

0.00

1.94+03
1.69+03

2.69-12

0.00

0.00
1.02-05

U.00
7.15-36

1:71+01

6.00

U.00

0.00
3.25+06

U.00
0.130

U.OU
4.57-33

0.00
7.21-03

1.57+04

1.57+04

.0+07 YR

6.61+00

1.05-01

5.94+02
3.88+03

0.00

1.95+03
9.15+01
1.85-12

0.00
0.00

7.02-06

O.U0

0.00
1.22-06

0.00

0.00

0.00
2.24-06

0.00

0.u0

O.U0
0.00
0.00

4.96-03

1.57+04
1.57434

1.0+08 Yk 1.0+09 YR

1.62_12 0000

1.04+01 9.03-02

5.44+02 2.26+02

2.85+02 1.32-09

0.00 0.00
1.93+03 1.68+03

280..11 0.00
4.42..14 2.67.30

0.00 0.00

0.00 0.00

1868.-07 1.U123

0.00 0.U0

0.00 0.00
U.00 0.00

0.00 0.00

0.00 o.00
0.00 0.00
5.34..08 3.22..24

U.00 0.00

U.00 0.00

U.00 0.00
0.00 0.00
0.00 0.00

1.18-04 7.15-21

1.57+04 1.57+04

1.57+04 1.57+04



HTQR 8,1M OF ALL ?ASTE 5TRFAr'S FR0PFRTIE8 AFTLF. SEHARATIW.

POALN = 64.a7 AUUF = 94211.Mqo, FLUX= d.05+13N/Crolo4-SEC

NUCLIOr... RAO1UACTIVIFY, ,L0R1L8
DA515 = 01 ALAVY NFTAL (11.1kGLo TO ,!EACEOR

Cr1A',:'iE SEPAHATIUt. 1.0,03 Y4 1.0+01 Yk 1.0+u2 YR 1.0+0J YN 1.0+04 `0.. 1.0+05 Y,4 1 .0'06 YR Y4 1.0+08 YR 1.0+09 YR

TL207 0.ili 7.71-62 1.03-111 2.h2-01 7.8b-ol 6.60-61 9.7v-04 1.4u-03 1.27-ol 1.16-U3 4.83-04

(1.- 20i; U • ;... 0 7.u9+01 4.1U-n1 5.[,5-01 2.14-01 2.0i-04 1.66-04 1.66-04 1.71-04 2.16-04 3.54-04 3.49-04

TL209 J.HJ 2.34-03 1.4[-u5 3.50-05 2.4Z-04 2.22-03 1•51-02 2.90-02 2.81-02 1.42-03 3.39..16 O.U0
Pb209 1.06 1.b6-u1 6.47-jq 1.59-03 1.01-u1 0.66-U1 1.32+u0 l • 28+00 6.45-02 1.54..14 U.00
PU210 J. 10 1.03-06 1.60-J8 5.95-06 4.26-05 1.12-uz 3.82+0G 6.12..01 6.81-04 6.42-04 5.59-04

Pti2 1 1 D.OG 7.73-02 1.04-H1 2.1,3-01 7.hu-01 6.62-u1 6.62-Ht 9.62-0.? 1.26..03 1.27-03 1.1 7-03 4.84-04

P0412 o.0b 1.97,04 i.1 4+0n 1.4u+uu 5.62-04 4.60-64 4.61-04 6.00-04 9.62..04 9.69-04

pitZ1 4 J.:0_1 1.1,3..0 1.(0)-35 6.,88-05 1.12-u2 J.L2+Wi 6.81-04 6.42-04 5.59-04

61210 1.P5 1.L.J..U6 1.6j-!,6 4.214-05 1.1:-u2 4.66-j1 3.84,u0 6.92-31 6.51-04 6.42..04 5.59-uy

61211 o.uJ 7./3..Lii 1.94-1 1 2.40-01 7.8,1-01 8.6J2-01 m.62-.01 9.D2-111 1.26-03 1.27-u3 1.17-03 4.84-04

61412 :1.11 1.97+U2 1.40,0u 5.94-01 5.62-u4 4.60-d4 4.41-04 4.76-j4 6.00-U4 9.62-04 9.69-uy

61213 A.,6 1.C6-U1 6 . 9 / 1.1A-02 1.01-01 1.26+00 6.45-02 1.54..14 0.00
81214 U.jJ 18,-Ilib 6.5D-08 1.12-u2 3.62+6: 6.9k-C1 b.1-04 6.42-04 5.59-04

P0210 0.,A0 7.63-07 5.95-36 4.2G-05 1.12-0i 4.41 6.92-01 6.51-04 6.42-04 5.59-04

PL211 A .,10 4.32-04 ;1.49-04 2.36_03 2.41-03 1.9'/-03 2.4D-j! j.65_06 3.u4-06 3.50-06 1.45-06

P0412 0.z1J 1.40,i1 7.24- 1 3.140-01 3.6-04 ./.91- J4 3.84-04 6.29-04 6.20-04

P021J ,...0, 1.c4-01 6.3J- 1.3/-02 9.85-u2 c.7 1..c1 1 a 2" 1.2D+00 6.31-C2 1.51-1 4 U.00

P041 1 ,.:0 1.33-u 1.34- 1.14-ui 3 • t 6.92-01 6.51-04 6.42-04 5.59-04

Po21 c,
ro216

,.0-
,I. :J

/.7j-j2

1•974 ../ .4 1.14, ,

/.6d_ol

5.44-01
U.hi-bl
5.02-04 1.6i-u4

1.28.03

4.76-n4

1.27-u3

6.u0-04
1.17-113

9.82-04

4.84-U4
9.69-04

POitb Jef;:l 1.'33...03 1.12-02 4.68-01 3.62+00 6.92-31 6.51-04 6.42-04 5.59-04

AT 24 7 0.0o 1.Jr›-01 6.47- 1.1j-t;2 1.01-ul 6.66-ul 1.34,0r, 1.28,0u 6.45-02 1.54..14 0.00

Rtal9 J.JL 7.73-02 1.(,4- 7.66-dt 6.62-01 9.84-04 1.28-03 1.27-u3 1.1 7-.03 4.64-04
Rt,220 U.:_)j 1.9 7+04 1.1 4*. 1.40+0L t,.94-01 5.62-uy 4.60.-04 4.61-0" 4.76-04 6.00-04 9.62-04 9.69-04

Rt.L42 1.6J 1.E'J-U8 1.12-u2 3.64,04 6.92-01 6.51-04 6.42-04 5.59-04

FR421 ).,lU 1.1,6-ul , 1.!,9-qJ 1.10-02 1.01-U1 4.86-01 1 • 3 2 +ut.! 1.26+00 6.45-02 1.54_1y 0.00
FR:443 0.0u 1.14-03 1 •4.)...k; i.lo-02 1.1'2-02 9.27-u3 1.37-03 1.76-05 1.63-05 6.78-06

RA223 A.L,L, 7.73-02 1•04-01 2.63-31 7.88-01 8.02-U1 6.62-01 9.62-02 1.26-03 1.27-03 1.17-U3 4.64-04

RA[21 :)• ,,d 1.97+32 1.14.01 1.40+Ou 5.9q-01 5.64-04 4.60-04 4.111-J4 4.76-04 6.00-b4 9.82-04 9.69-04

RA245 l•Ilj 1.1.7-01 6.4/- lq 1.59-1.13 1.10-02 1.01-01 0.86-01 1.J4+00 1.28+00 6.45-U2 1.64-14 0.00

RA426 u.'16 1.4J-08 1.e4-Ab 1.86-0E 6.5D-05 1.12-02 4.88-ul 3.84,-0( 6.92-01 6.81-04 6.42-04 5.59-uy

RA22R ,i• ,j 3•o.1-,i, 3.46-02 1.39-.J2 4.61-04 4.66-04 1.60-04 4.61-04 4.76-04 6.00-04 9.62-04 9.69-U4

AC245 G.,,u 1.L8-01 6.47-04 1.10-C2 1.01-01 6.a6-u) 1.324.b, 1.Z8+00 6.45-04 1.54..14 0.00

A(44 7 i.Ju R.H1-U4 1.bJ-01 2.63-01 7.8R-01 8.02-01 6.62-U1 9.64-01 1.28-03 1.27-u3 1.17-U3 4.64-04

AC[4u 1..JL; 1.t,3-02 3.46-J2 1.3v-02 4.61-04 4.66-04 4.60-J4 4.61-04 4.76-04 6.00-04 9.62-04 9.69-u4

TH447 0..,,.1 3.4-u4 1.02-01 2.79-01 7.77-b1 7.91-01 6.5J-J1 9.60-02 1.i/-03 1.26-u3 1.15-03 4.76-04

1,6:20 0.Hb 9.60-61 1.13+01 1.414 ,10 5.94-01 5.62-u4 4.6U-04 4.61-04 4./6-04 6.00-04 9.62-04 9.69-U4

Th.429 0.30 5.4k-j4 6.47-)y 1.sV-3.$ 1.1u-02 1.01-01 6.86-01 1.32+0L3 1.26+0u 6.45-U2 1.54-14 0.00

THLJO J.,J1J 6.eL-05 7.67-pc, 1.75-J4 2.69-H3 6.44-U2 6.27-01 3.G24-0 L.92-01 6.51-04 6.42-04 b.69-oy

TH2j1 0.,J0 6.i;3-u5 6.7J-:14 6.73-14 6.74-04 6.O7-04 1.08-U4 1.25-u3 1.2u-03 1.47-03 1.1 7-U3 4.64-04



HTGH SUM OF ALL 6 FRUPETIES ASTE STREAMS AFTER SEP%RATION

P00ER = 64.57 mW, BURNUP = 94271.Mr.U, FLUX= #1.05+13N/CM1,02-SEC

NUCLIDE RA010ACTIVITY, CURIES

CHARGE SEPARATION 1.0+00 YR

BASIS = MT HEAVY METAL

1.9+01 YR 1.0+02 YR 1.u+u3 YR

CHARGED TO

1.0+04 YR

REACTOR

1.0+0S YR 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0.09 YR
TH232 9.92-P2 4.60-94 4.60-04 4.6(1-04 4.60-04 4.60-04 4.60-04' 4.61-U4 4.76-04 6.00-04 9.82-04 9.69-04

TH234 0.90 I.03-U3 6.17-04 6.17-04 6.17-04 6.17-J4 6.17-U4 6.23-U4 6.46-04 6.51-04 6.42-04 5.59-04

PA231 0.00 8.19-01 S.19-01 8.19-01 8.17-01 8.112-01 6.62-01 9.61-02 1.28-03 1.27-03 1.17-03 4.84-04

PA233 0.00 4.48+03 2.00+00 1.57+00 1.58+00 1.63+ UU 1.64+00 1.5,i+un 1.19+00 6.45-02 1.42-14 0.00
PA234M 0.uU 2.05-U1 6.17-04 6.17-04 6.17-04 6.17-04 6.17-04 6.23-04 6.46-04 6.51-04 6.42-04 5.59-04

PA234 0.00 2.95-U4 6.17-97 6.1 7-U7 6.17-07 6.17-U7 6.17-U7 6.23-07 6.46-07 6.51-07 6.42-07 5.59-07

0232 3.03+02 1.45+00 1.45+On 1.37+00 5.7d-01 9.99-U5 0.00 0.00 0.00 0.00 0.00 0.00
U233 2.21+02 1.19+00 1.11+00 1.11+0o 1.11+00 1.11+00 1.13+Um 1.28+00 1.28+U0 6.45-02 1.54-14 0.00
U234 6.37+91 9.76-01 I.03+9u 1.48+JO 4.62+00 7.69+uu 7.50+00 5.B3+00 4.67-01 6.42-04 5.59-04

U235
U236

9.97-02
5.15-01

6.73-04

3.19-01
6.73-04
3.19-01

6.73-04
3.19-01

6.74-04
3.19-01

6.87-U4
3.20-01 1.1:21::n

1.25-03
3.28-01

1.28-03
3.19-01

1.27-03

::54 16:41

1.17-03
1.81-02

4.84-U4
8.40-1 4

U237 0.00 1.29-03 2.46-01 1.61-91 2.39-03 3.26-06 1.67-06 2.0-09 0.00
(6).(21E21-04

0.00
U238 1.38-03 6.17-04 6.17..04 6.17-94 6.17-04 6.17-04 6.17-04 6.23-04 6.46-04 2.(51%04 5.59-04

HP237 0.60 1.57+0u 1.57+00 1.57+00 1.58+OU 1.63+00 1.64+09 1.59+00 1.19+00 6.45-02 1.42-14 0.00
Np239 0.00 7.46+00 7.48+00 7.47+00 7.41+00 6.83+00 3.02+Uu 8.71-U4 6.25-07 4.30-07 1.03-08 6.20-25

rU236 0.dU 1.48+00 I.16+Uu I.3U-01 4.0a-11 0.OG 0.00 0.0U 0.00 0.1J0
(0".OLIU

0.00 111

PU238
p0239

0.00
0.ju

1.67+04

1.5U+Ul

1.85+04

1.50+01

1.73+04

1.50+01

8.56+03

1.50+01

7.76+00

1.48+01

1.09-20

1.25+01

0.00

1.08+UU
U.00
6.25-07

O.U0
4.30_07 1.03-U8

0.00
6.21-25

00

P0240 a.u0 3.19+111 3.20+01 3.32+01 3.56+01 3.25+U1

1 

1.27-03 0.0c 0.00 0.0U 0.00
Pu241
PU242

J.n0

n.u0

1.03+04

4.14-01

9.81+39 
4.14-01

6.44+03
4.14-01

9.53+01

4.14-01
I.3-01U
4.14-UI

6.26 iC 
4.08-01

8.28-05
3.46-01

0.00
6.68-02

0.00
4.76-1,9

0.00
U.00

0.00
0.00

P0243 0.00 6.52-07 6.52-07 6.52-07 6.52-07 6.51-07 6.51-07 6.49-u7 6.25-07 4.30-07 1.03-08 6.20-25

AM241 0.00 2.74+01 4.35+01 1.57+02 3.30+02 7.91+01 6.68-02 8.28-u5 0.00 0.00 U.00 0.110
AM242:1 9.0U 3.46-01 3.45-01 3.31-01 2.2L-01 3.63-03 5.49-21 0.00 U•00 0.00 0.0U 0.00
A61242

Am243
U.00

0.u1.1

3.146-01
7.48+00

3.45-01
7.48+00

3.31-01
7.47+00

2.20-01

7.41+00

3.63-U3
6.83+00

5.49-21

3.02+00

0.00

8.71-04 1.16.N-07
0.00
4.30-U7

0.00

1.03-08

0.00
6.20-25

CM242 0.00 9.c1+02 1.91+02 2.72-01 1.80-01 2.97-u3 4.51-21 0.00 0.00 0.00 0.00
CM243 U.00 1.34+09 1.31+00 1.08+00 1.53-01 5.26-Iu 0.00

t0":0Ti
0.00 0.00 0.00

CM244 0.00 1.54+03 1.48+03 1.05+03 3.34+01 3.62-14 0.00 0.00 0.00
CM245

C6246
0.90
j.UU

1.40-UI
9.44-02

1.40-01
9.44-02

1.40-01

9.43-02

1.39-01

9.32-02
1.30-01
8.32-02

6.66-02
2.67-02

8.27-05
3.04-07

U.00
::::

0.00
0.00 113).10)10

0.00

0.00
CM247 0.90 6.52-07 6.52-07 6.52-07 6.52-07 6.51-07 6.51-07 6.49-07 6.25-07 4.30-07 1.03-08 6.20-25

SVEJTOT 5.88+02 3.72+04 3.01+04 2.50+04 9.13+03 1.69+02 6.08+01 6.17+01 2.17+01 9.85-U1 4.97-02 2.28-02

TOTAL 5.8+02 3.72+04 3.01+04 2.50+04 9.13+03 1.69+02 6.08+01 6.17+01 2.17+01 9.85-01 4.97-02 2.28-02



HTGR 500 OF ALL ..ASTE 5TrLAh5 pKOFEKTIE5 SEPA=t“ItTh

PLPriER = 64.57 NA, HUrNUP = 992/1.M4f), FLUX= H.05+13N/CM10 e2-SEC

hCLL10L THEkMAL P0e,1 11.

!1A51S = ml HLAVY hLTAL CHA#;Gii. 10 kEACIOIX

TL21.17

TL208

TL209

P02129

PH210

PH211

PEc12

PC214

B1210

61211

b1212

H121

B1214

P0210

P0211

PUil2

P011.3

P0214

PUZ15

P0216

PC21'1

AT217

R0219

mi.220

RN222

FR221

FR223

kA223

RA224

RA215

kAk21,

RA228

AC225

AC227

AC223

Th227

T022o

T0.229

TH23u

Tm231

Jt

•

ti • L.,.

je:Ju

J•uL

Li • i.0.4

G

J•LL

Up.:10

7.LiU

je ,J,J

).,0

1.L2.02 Yk 1.1_1+03 Yr 1.6+04 ri; I.o+w-J 1", I0,*(16 ri-,4

2.3..-L13 2.42-u0 ,.Lu-03 2.40-U4 ..1.7-216

4.9(-03 4.71-1,r 3.1-03-06 .3.6-0t, .1.9*-t
3.5-66 3.63-L:7 ;,.4i-o4 4.7s-D4 4.6h-09
1.26-c:L. 1•161 !•69-.j'i I.S2-11, (,-,i),,J

1.7.-n./ 4.65-,7 :, •ii-S-!,- 1.ES-04 i.6)..,U5

:•61- 1 ',.#_,6-uL. ,,,,21-j1 3.2....,A1
,:•'.. .-I- 't h.uf-,-/- t.60.., t•(...e..t'?

1.5Y...L7 2.7.3..,L15 1.19.3 9.32-3.• 1.65-L

1.13-U7 ?.9(,-b5 1.20-...3 1.0i-L,i 1.ai-hi

:i.„1/-02 3.12, 2.SB-G2 3.62-13.3 12..'110-1Th
1.1-1-,', 9.77-Jr 

•9r..„:0, 
8.U1-ur ....,..06

6.76-:.5 6.15"-64 -:.72_ ,:i A.11_67.' 7,e6-11

Veli-!,7 1.7t.-1.4 06 6L0 :jeJL...11' 'i40.21..‘Li

1•31,“'6 3.'-13-.(j4 1.54-u2 1.20-01 2.18-02
1.:- 4-i-.; 1.t,6-L,4 ,.7/-,,- 1.311-6':, 1.70-07'

t.'i-d? 1 • I ‘1 l -I. ̀ ) let..' l•be,..0., 1•',101.

.)..34-,14 LI • WI' -t.,..i .I.33-1J2 O.-II-I!, 0.2i-J.:

2.9c-rib 5.16-J4 ::.21-,2 1.74-U 1 3.1D-ri2

:,.4J-C2 3.z1-u2 2.9u-d2 4.3o-uA ').64-05

1.43-02 2.3b-Ut., 1.86-,25 1.64-L.0' 1.9S-05
2.3/-0, 4.06-04 1.77-bi 1.3*-cl 4.51-.12

4.61-L'I 4.i4-33 6-..,2 5.53-02 5.36-:,2

3.11-L2 J.i L.-C.2 2.66-;,;.- 3.97-u3 5.2u-03

i.2.=,-,0 2.13-L5 1.74-H 1.75-6, 1•01:-Ci5

ee1J...116 3.65-U4 ..5*-,, 1.25-oi ::•2':,-;-.1?

4.04-04 3.7'7,-02 ;.!',... i 4.*I-6, 4,7t,..)?

Z.',d-fl5 2.63-115 ,.,l-, 3.22-0e, 4.21-06
.2.74-1,2 2.75-02 4.3L-u2 3.41-03 9.46-05

2.63-02 1.92-0t, 1.,37-,;, 1.5E-W7 1.63-(,b

7.23-06 6.63-US 4.51-0,; 9.i,o-u4 11.41_04
1.H.,-06 3.17-1_,0 j.,i',..., 1.-1.11 1.96-02
:1.5'..-co 3.54-uu i.L,4-u, 3.55-W. 3.66-011

.1.77-p9 3.46-o.) 1..i':.-,, 4•3-02 4•_15-,12

.%,.51...(9 ,i .,:4-u't .1 • 3 4 - , 'I .1.4,_.-,j-) 0.47-1;7

2.43-i1e, 2.,I4-u6 .14-,, 2.4.-L/ L.b2.-05

.2•,',/.-f.7 2.72,2 .Z•2•5-1,? 3833.-03 4.36-:,5
1.9'3-(J2 1,1..14,, 1.51-J5 1.b1-u", 1.36-6,,

3.32-j4 3.35-03 2.37-j2 1.99-02 .).57-O2

7.61-0'-.. 1.76-u3 1.77-0z 1.06-al 1.Vo-U2

5.3z-717 5.44-J/ E.37-..7 9.iIU7 1001..E)6

1.0+,7

2•32-0.,

2.• 7V-11

4.ze-. •

`'•r.,•••

,

2• 4-H,

2

1 • 6if /

2 •L

2.9c-, ,

2.36-0

2.7L-L3

5.15-05

2.12-';%

4.42-05

2.05-0r,

4.24-0b
1.66-u,„

4.62-0P

2.21-13
6.41-07

3•14-L6
4.32-05
1.56-jr.

1.75-00

1.64-5

1 •

1.0+08 YR

.3#51..j6

0.73-06
5.5,-1F

1.77_17

2.66-00

1.51-:17

e.4L-16

'3.73-16

3.'1 2-00

3.36-05

1.01-17

1.42-05

7.57-08

5.29-16
5.a7_07

5.21-o6

3.96-05

3.22-35

4.66-16

1.b1-1.5

1.11+09 YR
1.46-00

8.12-06

U.(L

2.32-0f,

1.62-06
1.39-0G

i.47-uo

1.[;"/-u5
1.06.0

0.00

7.78-06

1.76-05

6.42-U8

3.29.05

u.l
2.55-05

2.12-05

3.96-05

2.02-05

0.1d,

1.96-0b

3.67-05

1.11 2-Lb

D.00

1•68.05

3.32-05

0.00

1.5B-05

7.47-06

0.00
2.44-01

5.14-U6
1.64-05

3.17-Uh

0.00
1.58.05

3.62-07



HTGR SUM OF ALL 'AASTE STREAMS PROPERTIES AFTER SEPARATIOM

POwER = 64.57 07i, H(M0UP = 94271.8i00. FLUx= 6.05+13N/CM.s2-5Ec

CHARGE SEPARATION 1.0+00 YR

NUCLIDE: THERMAL FOAER. hATTS
BASIS = MT HEAVY METAL CHARGED TO

1.0+UI YR 1.0+02 YR 1.0+03 YR 1.0+04 YR

REACTOR

1.0+05 YR 1.0+06 YR 1.0+07 yR 1.0+08 YR 1.0+09 yR
TH232 2.40-00 1.11-05 1.11-05 1.11-05 1.11-05 1.11-US 1.1I-us 1.12-05 1.IS-05 1.45-05 2.38-0S 2.34-05

TH234 0.00 3.65-07 2.19-07 2.19-07 2.19-07 2.19-U7 2.20-07 2.2I-U7 2.3U-07 2.3I-U7 2.28-07 1.99-07

PA231 0.00 2.5U-02 2.50-02 2.50-02 2.49-02 2.45-02 "e.02-02 2.99-03 3.92-05 3.88-05 3.56_05 1.48-05

PA233 0.00 6.05+00 2.71-03 2.12-03 2.13-03 2.20-U3 2.2I-U3 2.15-03 1.61-03 8.72-05 1.92-17 0.00

PA234M 0.00 1.06-03 3.17-06 3.17-06 3.17-06 3.17-06 3.18-06 3.20-06 3.32-06 3.35-06 S.30.06 2.88-06

PA234 0.00 1.87-06 5.60_09 5.60-09 5.60-09 5.60-09 5.61-09 5.66-09 5.87-09 5.91-09 5.83_09 5.00-09

U232 9.72+00 4.60-02 4.66-02 4.39-02 1.85-02 3.21-06 u.00 0.0U 0.00 0.00 0.00 0.00
U233 6.43+00 3.21-02 3.22-02 3.22-02 3.22-02 3.23-(J2 3.29-02 3.74-02 3.72-02 1.88-03

4'
47-16 0.00

0234 1.83+00 2.81-02 2.96-02 4.26-02 1.33-01 2.21-UI 2.16-U1 1.68-01 1.34-02 1.87-05 1.85-05 1.61-05
U235 2.77-03 1.67_05 1.87-05 1.87-05 1.87-05 1.91-U5 2.24-05 3.46-05 3.56-05 3.53-05 3.23-05 1.39-05

U236 1.40-02 8.64-03 8.64_03 0.64-03 8.64-03 8.66-03 6.81-03 8.89-03 8.66-03 6.67-03 4.91-04 2.28-15
0237 U.OU 8.54-07 1.63-04 1.07-04 1.58-06 2.16-U9 1.11-09 1.36-12 0.00 0.00 0.00 0.00
U236 3.99-U5 1.56-05 1.56-05 1.56-05 1.56-05 1.56-05 1.56-05 1.57-05 1.63-05 I.6S-05 1.62.05 1.41-05

NP237 0.00 4.60-02 4.60-12 4.60-02 4.63-02 9.78-02 4.81-u2 4.68-02 S.49-02 1.89-03 4.17-16 0.00

NP239 0.00 1.01-02 1.01-02 1.01-02 1.00-02 9.23-U3 4.09-03 1.18-06 8.45-10 5.81-10 1.3?-11 8.38-28
fV

PU236 0.u0 5.16-02 4.04-J2 4.53-03 1.42-12 0.00 0.00 0.00 0.00 0.00 0.00 0.00
rrt

PU238 0.00 6.19+02 6.14+02 S.73+02 2.84+02 2.57-01 3.61-22 0.00 0.00 0.0U o.ou 0.00
PU239 0.,10 4.68-01 4.68-01 4.6U-01 4.67-01 4.61-01 3.89-01 3.35-02 1.94-08 I.34-0R 3.19-io 1.93-26

pU240 0.00 9.94-01 9.96-01 1.03+00 1.11+00 1.01+0u 4.03-U1 3.96-05 U.Ou 0.00 0.00 0.00

PU241 0.00 4.27-UI 4.07-01 2.67-01 3.95-03 5.41-06 2.77-U6 3.44-09 0.00 0.00 0.00 0.00
PU242 0.00 1.22-02 1.22-32 1.22-02 1.22-02 1.22-02 I.20-u2 1.02-02 1.97-03 1.41-10 0.00 0.00
PU243 0.00 9.23-10 9.23-10 9.23-10 9.23-10 9.23-10 9.23-10 9.19-10 6.85-10 6.10-10 1.46-11 8.78-28

AM24I 0.00 9.16-UI 1.45+00 5.25+00 1.10+01 2.64+00 2.23-03 2.76-06 U.00 0.00 0.00 o.un
AM242M 0.00 9.86-05 9.81-05 9.42-05 6.25-05 1.03-U6 1.56-24 0.00 0.00 0.00 0.00 0.00
AM242 0.00 4.62-04 4.60-04 4.41-04 2.93-04 4.84-06 7.32-24 0.uU 0.00 0.00 0.00 o.clo
AM243 0.U0 2.73-01 2.73-01 2.73-01 2.71-01 2.49-01 1.10-01 3.1.8-05 2.28-08 1.57-08 3.75-10 2.26-26
CM242 0.U0 3.32+JI 7.04+00 1.00-02 6.64-03 1.10-04 1.66-22 0.0u 0.00 0.00 0.00 o.clo
CM243 0.u0 4.91-02 4.81-D2 3.96-02 5.63-03 1.93-11 0.00 0.u0 0.00 0.00 0.00 0.00
CM244 0.00 5.38+01 5.17+01 3.67+01 1.17+00 1.27-15 0.00 0.00 0.00 0.00 0.00 o.00
CM245 0.00 4.37-03 4.37-33 4.37-03 4.34-03 4.06-03 2.08-03 2.58-06 0.00 0.00 0.00 o.00
CM246 0.00 3.09-03 3.09-03 3.0-03 3.05-03 2.72-03 8.73-04 9.96-09 0.00 0.00 0.00 0.00
CM247 0.00 1.88-08 1.88-08 1.88-08 1.88-08 1.88-08 1.88-08 1.87-08 1.80-08 1.24-08 2.96-10 1.79-26

SUbTOT 1.00+01 7.50+02 6.77+02 6.17+02 2.99+02 5.17+00 1.63+00 1.44+00 5.08-01 2.41-02 1.20-03 5.11-04

TOTAL 1.80+01 7.50+02 6.77+02 6.17+02 2.99+02 5.17+00 1.63+00 1.44+00 5.08-01 2.41-02 1.20-03 5.11-04



HTCIR 5VM OF ALL “45TE STREAMS PROPERTIES AFTER SEPARA110N

Pat•Lit = 64.57 mop BURUP = 944271.4.CiO. FL07lI 8.05+13N/CH..2-5LC

TL2O7
TL208

TL209

P6209

CHARGE

0.U0

0.00

U.U0

0.00

SEAJARAlION
-7.71_0i

-7.39+JI

-2.34-03

-1.06-01

1.0+00 Y../
-1.03-1 A

-1.42-d5

-6.47-04

NUCLIDE. INHALATIOu HAZAKD, moi,3 OF AIR
bASIS = NT HLAVY MLTAL CHARGE1) TO

1.0+31 1.0+02 YR 1.0+03 Th 1.0+04 YR
-2.32-01 -7.85-01 -8.60.o l -6.60-01

opUb01 ..2•U2,-UM -1.66-64

-3.50-05 -2.42-04 -2.22-03 -I.51-U2

-1.59-03 -1.10-02 -1.01-01 -6.86-01

AT KCG
REACTOR

1.04.ub
-9.79-02
-1.66-04

-2.96-02

-1.32+Ul

1.0+06 YR
-1.26-03

-1.71-04
-2.81-02

-1.284.00

1.0+07 TN
-1.27-03

-2.16-04

-1.42-D3

1.0+08 YR
-1.16-03

-3.54_04

-3.39_16
-1.54_14

1.0+09 YR
-4.83-U4

-3.49-04

0.00
0.00

P6210 0.00 2.59+05 3.994.n5 1.49+06 1.07+07 2.80+09 1.22+11 9.56+11 i.73+11 1.63+08 1.60+08 1.40+08

PB211 0.u0 -7.73-02 -1.04-31 -2.83-01 -7.88-01 -8.02-01 -6.62-01 -9.82-02 -1.28_03 -1.17-03 -4.84-04

P8212

PU2I4
0.00

0.00
3.211+11

-I.53-Ub
1.9U+,19 2.34+09

-1.1„4.01,
9.90+0H
_6.5,-05

9.37+05
-1.12_02

7.66+6S
-4.68-01

7.69+0'i

-3.82+06
7.93+05

-6.92-01

9.99+05

-6.51-04

1.64+06

-6.42-04
1.62+06

-5.59-04

81210
81211

j.,ju .5.174,33 7•9d+C3 2.'it1+94
-.24E3..01

2.14+05
-7.88-01

5.66+u7

-8.02-ul

1.44.j9

-6.62-01

1.91+10
-9.62-02

3.46+09
-1.26-03

3.25+06
-I.27-u3

3.21+06
-1.17_u3

2.79+06

-4.84-04

81212

81213

0121 4
P0210

P0211
P0212

u.u0
0.J0

J.JU

0.0U

U.00
0000

6.56+10

-1.63-05

I .09+U5

..2.3?04
-1.26+oz

3.79+A

-6.47-,4

1.R3+,5

-3.11- 4

4.68+08

-1.59-03

-1.88-0

0.!",1+05
-8.49-04

-8.93-01

-1.1u-02

-6.55-05

6.12+-16
-2.36-03

-3.96,01

1.87+05

-1.01-U1
-1.12-02

1.6U+U9

-2.41-03
-3.60-04

1.53.0s

-L.86-01

-4.66-31

6.91+1,
-1.91-j3

-1.94-04

1.54+05

-1.32+0e

-3.E2+0

S.46+11

-2.95-04
-2.55-0i

1.59+05

-1.26+00

-0.92-01

9.88+10
-3.85-06

-3.04-04

2.00+05

-6.45-02

-6.51-04
9.29+07

-3.82-66
-3.64-04

3.27+05
-1.54-14

-6.42-04

9.17+J7

-i.50-06

-6.2/-04

3.23+0S

0.00
-5.59-04
7.98+07

-1.45-06

-6.20-04
p0213

P01I4
p0215

j•JU
Uo0U
0.U0 4.16U4-•;1

..1.(1702

6oS5.-O5

-7.88-01
'.1 ,11202

-6.71-JI
-4.88-J1

-6.62-01

-1.29+00
-3.82+00

-9.82-02

-1.254-00

-6.92-01
-1.28-03

-6.31-02

-6.51-j4
-1.27-03

-1.51-14

-6.42-U4
-1.17-03

0.00

-6.59-04
.4.84-04

P0216

P02I8 flsj0
-1.97+62
-1.83-05

-1.14+,10
-1.a4-15

-1.4!A+00
-6.55-0E,

-5.62-L14

-1.12-02
-4.60-04

-4.88-ul
-4.6I-U4

-3.82+00

-4.76-04

-6.92-01
-6.00-U4
-6.51-L4

-9.82-U4
-6.42-u4

-9.69-04
-5.59-04

AT2I1
kN219

6.30

d.00
-1.u6-01
-7.73-02 -1.01-ol

-1.S9-03

-2.61-01
-1.IJ-02 -1.ul-UI -6.86-u1

-6.62-01

-1.32+ou

-9.02-02

-1.26+00

-1.28-03
-6.45-u2
-1.27-63

-1.54-14
-1.17-03

0.00

.4.84-04

HN220 00011 1.97+10 1.14+Jd 1.41+06 5.94+07 5.62+u4 4.6U+Ah 4.61+04 4.76+04 6.00+04 9.82+U4 9.69+04

RN222 j.q0 6.11+03 6.14+03 6.16+03 2.16+04 3.73+1.,6 1.63+0,1 1.27+09 2.31+08 2.17+05 2.14+05 1.86+05
FR22I

FR223
:).012+
0.0u

-1.06-31

-1.12-03

-6.47-4

-1.4S-L1
-1.59-03
-3.96-0J

-1.IJ-02

-1.10-02
-1.01-01

-1.I2-u2

-6.86-01

-9.27-03

-1.32+00

-1.37-03

-1.28+0u

-i.80-0S
-6.45-u2
-1.78-0s

-1.54-14

-1.63-05
0.00
-6.78-06

RA223 U.00 9.67+09 1.3J+1 3.,i4+10 9.86+10 1.00+11 8.28+IL 1.2J+IL 1.61+08 1.59+0A 1.46+08 6.05+07
RA224 0.0U 9.64+12 5.69+1 7.01+1U 2.97+10 2.81+07 2.30+07 2.31+07 2.38+07 3.00+07 4.91+07 4.85+07

RA225 J.OU 2.15+09 1.29+07 3.18+j7 2.20+03 2.02+1,9 1.37+10 2.64+IC 2.56+10 I.29+u9 3.06-04 0.00

RA226 0.00 9.17+06 9.18+Jh 9.3o+j6 3.27+07 5.60+u9 2.44+11 1.91+12 3.46+11 3.25+08 3.21+08 2.79+08

RA228 0.00 3.6.3+10 3.46+19 1.39+1j 4.61+08 4.60+06 4.60+04 4.61+UR 4.76+08 6.00+08 9.82+08 9.69+08
AC225 J.UU ..644/.014 -1.59-03 -1.10-02 -1.01-01 -6.86-ul -1.32+00 -1.2E1+00 -6.4S-D2 -1.54-14 0.00

AC227 A.011 I.uj+12 1.29+12 4.59+12 9.35+12 1.00+13 6.28+1? 1023+12 1.61+10 1.59+10 1.46+10 6.05+09

AC228 O.U0 6.38+07 5.76.Y17 2.31+37 7.68+115 7.66+0u 7.66+1,5 7.69+05 7.93+05 9.99+05 1.64+06 1.62+06

TH227 U.AU 6.14+07 1.70+11 1.65+10 1.29+11 1.32+11 1.09+11 1.61+10 2.11+08 2.09+08 1.92+08 7.96+07

TH228 u.00 4.90+12 5.67+12 7.01+12 2.97+12 2.81+09 2.30.09 2.31+139 2.38+09 3.00+09 4.91+09 4.85+09

TH229 0.0U 6.78+U9 y.09+09 1.99+10 1.37+11 1.26+12 0..58+12 1.65+13 1.60+13 8.06+11 I.93-U1 0.00

TH230 Lieuti 8.50+08 9.59+1d 2.18+09 3.37+10 7.E1+11 7.84+12. 4.77+13 8.65+12 8.13+09 8.02+09 6.99+09

TH23I 0.0U 1.71+03 1.68+.14 1.68+04 1.69+04 1.72+u4 k.024.1JdA 3.12+04 3.21+04 3.18+04 2.91+04 1.21+04



hTGR SUM OF ALL ,ASTE STREAOS PROPERTIES AFTER SEPARATION

P00ER = 64.57 Md. BURNUP =

TH232
TH234

PA131

PA/33

PA234m

PA234

U232

0233
U134

U235
U236
U237

U230

NP237

NP239
PU236

PU230

PU239
PU240

PU141

PU242
PU243

AM241

AM242m

AM242

AN293

CM242

CM243

Ch244

CM245

CM246
CM247

SUBTOT

TOTAL

CHARGE SEPARATTUN

9.92+10 9.60+08

0.90 1.03+06

2.U5+13
7.46+11

-2.0S-01

-2.05-04

1.61+12

2.76+11
2.44.11
1.66.0H

7.97+16
-I.29-U3

2.06+0,:‘

0.00

0.00

000
0.00
3.37+14

5.52+13
1.5Y+13

2.49+1

1.29+11

0.00

5.26+08

0.00

0.00

0.0U

U.'1O
(1.0U

0.00

0.00

0.1_10

0.00

0.;JU

O.UU

0.00

0.dU

1.1.UU

0.j0

0.j0
0.00

0.00

0.U0
4.1_18+14

9.08+14

3.74+0R

-1.46+0b
2•67+17

2.51 4-14

S•31+14
3.43+15

609U*12

1.0+01

1.37+14

1.73+12
3.46+ud

3.74.13

2.25+14

6.66+12

5.12+1S

7.01+11

9.72+11

3.26+06

2.77+17
2.77+17

94271.8w0, FLUX= 6.05+13H/Cme.2-5EC

NUCLIOE INHALATION HAZARD, M•103 OF AIR AT RCG
HAS1S . MT HEAVY METAL CHARGEU 10 REACTOR

1.0+00 YR 1.0+01 YR

4.60+08 4.60+94

6.17+05 6.17+05

2.05+13 2.05+13

3.34+06 2.61+0'1

-6.12-04 -6.17-04

-6.17-U7 -6.17-0/

1.61+12 1.52+12

2.77+11 2.77+11

2.b 7+11 3.7:1+11
1.68+JH 

1.6s.ad

7.97+10 7.97+10
-1.61-n1

2.06+di 2.06+91$

1.57+13 1.57+13
3.7'4+1'k 3.741+08

-1.16+,)0 -1.39-01

2.6.1+17 2.47+1/

2.51+14 . 2.51f1 4
5.34+I4 5.5J+I

3.274 1S 2.0+15

6•9(.+12 ',•?04.12

1.0+A

2.1/4.14 7.86411

1.721.12 1.65+12

3.45+08 3.31+08
3• 74+13 3.74.13

4.7/.13 6.79+1t;

6.54+12 s.3P.12

9.73+15 3.49+15

7.01+11 7.00+11

4.72+11 9.71+11

3.26+06 3.26+d6

2.74+17 2.54+17

2.74+17 2.54+17

1.0+02 YR

4.63+U8

6.17.05

2.n4+13

2.61+08

-6.11-O4

-6.17-07

6.42+11
2.77+11

1.1.J+12

1.69+08
7.97+10

-k.39-03

2.06+08

1.'11+13
3.71+08

-4.0h-11

1.23+17

2'u
+14

S.93+14

3.11+13

6.90+12

1.CY+01

1.4-'4.15

1.10+12

2.20+06

3.71+13

4.5U+10

7.66+11

1.11+14

6.96+11

4.66+11

3.26+06

1.25+17

1.25+17

1•0+LI3 YR

9.601.08

6.17+05

2.00+13

2.71.08
-6.17-04
-6.17-u7

1.11+06

2.77+11

1.92+12
1.72+08

7.99+10
-3,26_06

2.J6+0J

1.63+13
3.42+LO

0.4: 1
1.11+14

2.97+14

5.42+14
4.34+10

6.65'412

1.U9+01
3.95+14

1.61+1„)

3.63+06
3842+13
7.44+08

2.63+u3

1.21+.01

6.51+11

4.16+11
3.26+U6

1.39+15

1.39+15

1.a+04 YR 1.11+US YR 1.0+06 YR

4.SO+DA 4.61+00 4.76...u8
6.17+0 4.23+05 6.46.n5

1.65.13 2.45+12 3.21+19
2.73+J” 2.66+0i, 1.90+08

-6.17-04 -6.23-09 -6.46-04

-6.17-07 -6.23-07 -6.46-07

0.00 0.00 0.00

2.82 1.11 3.21+11 3.19+11
1.87+11 1.46+12 1.17+11

2.02+3H 3.12+00 3.21+08
8.13+10 8.iu+111 7.99+10

-1.47-J6 -2.07-09 p.n0

1.06+J1 2.0J+OF 2•15+0P
1.64+13 1.59+13 1.19+13

1.51+08 4.36+04 3.13+01

U.011 0.11J o.tio
1.56-07 0.1,0 

U.00
1.09+14 1.60+13 1.04+07

2.1 4. 14 2.12+10 U.OU

2.22+1:1 2.76+07 U.UU
6.79+12 5.77+12 1.11+12

1.09+U1 1.10+01 1.04+01

3.34+11 4.14+09 u.0u

2.74-06 0.00 0.00
S.49-12 0.00 U000
1.51+13 4.36+09 3.13+06

1.13-09 0.00 0.00

U•00 0.00 0.00

n.00 0.00 u.00
3.33+11 4.19+08 0.0U

1.33+11 1.52+06 u.0u

3.26+06 3.24+06 3.13+06

5.07+14 1.13+14 3.89+13

• 07 + 1 4 1.13+14 3.89+13

1.0+07 yp

6.00+UE

6.51+05

3.1n 4.10
1.4.144+07

+6.61-04

6.51+07

0.d0

1.61+10
1.63+Uf

6.15eln
o.uo
2.17..on
6.45+11
2.1s+ol
n.uo
0.00
7 .17+1_,6

D.00

0.06
7.93+04

7.17+Ou

0.00

0.00

0.00
2.15+06

0.00
0.00

0.00

0.00

0.00

2.15+06

1.59+12

1.59+12

1.0408 YR
9.82+08

6192+05
2.91.10

/.37-06

-6.42-04

U*00
3.84..03

1.60+041
2891+00

4.52+09

0.00
2.14+08

1.41-01

5.19-01

0.00

0.00
1.71+05

0.00

0.0U

0.00

1.71-01

0.00
U.00

0.00
5.14+04

0.00
U.00

0.00
0.00

U.00
5.19+04
6.48+10

6.98+10

1.0+09 YR

9.69+U8
5.59+05

1.21+10

0.00
-5.59-04

-5.59-07

0.00

0.00

1.40+08
1.21+08

2.10-02

U.00

1.86+08

0.00

3.10-17

0.00

0.00
1.03-11

0.00

0.00

0.00
1.03..17

0.00

0.00

0.00
3.10..412

0.00

0.00

0.00

0.00

0.130

3.10-12

3.31+10

3.31+10



HTGR SUM °F. ALL ASTE STREAMS PROPERTIES AFTER SEPARATION

POER = 64.57 M4, HURNUP = 94271.11.i10, FLUX= 5.05+13N/CM1..2-SEC

CHAd, E SEPARATION 1.0+00 YR

N0CLIUE INGESTION HAZARD, Mee3 UF orATER

11ASI5 = MT HEAVY METAL CHARGED TU

1.0+01 YR 1.0+02 YR 1.0+03 Yk 1.0+04 YR

AT RCG

REACTOR

1.0+0S YR 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09 YR

TL207 0.00 -7.71-02 -1.03-,21 -2.82-01 -7.85-01 -8.00-01 -6.60-01 -9.79-02 -1.28-03 -1.27-03 -1.16-03 -4.83-04

TL2U8 0.00 -7.09+01 -4.10-01 -5.0S-01 -2.14-01 -2.02-U4 -1.66-U1 -1.66-04 -1.71-04 -2.16-01 -3.51-01 -3.49-04

TL209 0.00 -2.34-03 -1.12-05 -3.50-0S -2.42-04 -2.22-03 -1.51-02 -2.90-02 -2.51-02 -1.42-03 -3.39_16 0.00

P8209 0.00 -1.06-01 -6.47-14 -1.59-03 -1.10-02 -1.01-U1 -6.86-01 -1.32+0n -1.28+00 -6.45-02 -1.54-14 0.00

P8210 0.00 1.03+01 1.60+01 5.95+01 4.28+02 1.12+05 4.88+06 3.82+07 6.92+06 6.51+03 6.42+03 5.59+03

P8211 0.00 -7.73-U2 -1.04-j1 -2.83-01 -7.86-01 -8.02-01 -6.62.01 -9.82-02 -1.28-03 -1.27-03 -1.17_03 -4.84-04

P8212 0.00 9.h4+06 5.69+04 7.01+04 2.97+01 2.81+01 2.30+U1 2.31+01 2.38+01 3.00+01 4.91+01 4.85+01

P0214 U.00 .-1.84..06 -1.88-05 -6.55-05 -1.12-02 -4.88-01 -3.82+00 -6.92-01 -6.51-04 -6.42-04 -5.59-04

01210 0.00 2.59-02 3.99-02 1.49-01 1.07+00 2.80+02 1.22+04 9.56+114 1.73+04 1.63+01 1.60+01 1.40+01

31211 0.00 -7.73-02 -1.04-01 -2.83-01 -7.88-01 -8.02-01 -6.62-U1 -9.82-02 -1.28-03 -1.27-03

U12 1 2 0.06 1.92+05 2.84+03 3.51+03 1.49+03 1.41+00 1.15+00 1.15+00 1.19+00 1.50+00 2.46+00 2.42+00

612 1 3 u.ou -1.66-01 -6.47-64 -1.S9_63 -1.10-02 -1.01_01 -6.86-01 -1.32+00 -1.28+00 -6.45-02 -1.54_14 0.00

81211 6.10 -1.83-05 -1.84-J5 -1.88-05 -6.55-05 -1.12.02 -4.88-j1 -3.02+06 -6.92-01 -6.51-04 -6.12_04 -5.59-04

P0210 U.J0 1.09+00 1.83+00 8.50+00 6.12+01 1.60+04 6.97+J5 5.46+06 9.88+05 9.29+U2 9.17+02 7.98+02

P0211 6.60 -2.32-04 -3.11.14 -8.49-04 -2.36-03 -2.11-03 -1.99-03 -2.95-04 -3.85-06 -3.82-U6 -3.50-06 -1.15-06

p02I2 0.(30 -1.26+02 -7.28-01 -8.93-01 -3.8U-01 -3.60-04 -2.94-04 -2.95-u4 _3.04-04 -3.84-04 -6.29-04 -6.20-04

pu213 0.60 -1.04-01 -6.33-04 -1.56-03 -1.07-02 -9.85-02 -6.71-01 -1.29+06 -1.25+00 -6.31-02 -1.51-14 0.00

Pu211 3.00 -1.83-05 -1.84-05 -1.88-05 -6.55-05 -1.12-02 -4.88-01 -3.62+00 -6.92-01 -6.51-04 -6.42-U4 -5.59-04

P0215 J.1,0 -7.73-02 -1.04-01 -2.83-01 -7.88-01 -8.62-01 -6.62-01 -9.82-02 -1.26-03 -1.27-03 -1.17-03 -4.81-04

p0216 u.d0 -1.97+U2 -1.14+06 -1.40+Lij -5.94-01 -5.62-01 -1.60-64 -4.61-04 -4.76-01 -6.00-04 -9.82_04 -9.69-04

p0218 J.00 -1.83-0S -1.84-05 -1.88-0S -6.55-05 -1.12-02 -4.88-01 -3.82+00 -6.92-01 -6.51-04 -6.42-04 -5.59-U4

AT217 0.00 -1.06-01 -6.47-J4 -1.59-03 -1.16-02 -1.01-01 -6.86-ol ..1.32+00 -1.28+00 -6.45-02 -1.54-14 0.00

RN219 0.00 -7.73-02 -1.04-u1 -2.83-31 -7.88-01 -8.02-01 -6.62-01 -9.52-02 -1.28-03 -1.27-03

RN220 0,0J .-1.197+J2 -1.14+ou -1.40+30 -5.94-01 -5.62-U4 -4.60-04 -4.61-04 -4.76-04 -6.00-04 -9.82-04 -9.69-01

RN222 0.00 -1.e3-05 -1.84-05 -1.86-0S -6.55-05 -1.12-02 -4.88-01 -3.82+00 -6.92-01 -6.51-04 -6.12-04 -5.59-04

Fk221 0.60 -1.06-01 -t.47-04 -1.59-03 -1.10-02 -1.01-01 -6.86-01 -1.32+00 -1.28+00 -6.45-02 -1.54-14 0.00

FR223 0.00 -1.12-03 -1.45-03 -3.96-03 -1.10-02 -1.12-U2 -9.27-U3 -1.37-03 -1.80-05 -1.78-05 -1.63-U5 -6.78-06

RA223 0.60 1.10+05 1.48+15 4.u4+05 1.13+06 1.15+06 906+05 1.111+05 1.83+03 1.82+03 1.67+03 6.92+02

RA224 0.,10 9.84+07 5.69+05 7.01+05 2.97+05 2.81+02 2.30+U2 2.31+02 2.38+02 3.00 +02 4.91+02 4.85+02

RA22S 0.00 1.79+05 1.08+03 2.65+03 1.83+04 1.68+05 1.1 4+06 2.26+06 2.13+06 1.118+05 2.57_08 0.00

RA226 U.LI0 6.11+02 6.12+02 6.26+02 2.18+U3 3.73+115 1.63+07 1.27+08 2.31+07 2.17+04 2.14+04 1.86+04

RA228 U.UU 1.28+06 1.15+06 4.63+05 1.54+04 1.53+04 1.53+04 1.54+04 1.59+04 2.00+04 3.27+04 3.23+01

AC22S 0.00 -1.06-01 -6.47-04 -1.59-03 -1.1U-02 -1.01-01 -6.86-01 -1.32+00 -1.28+00 -.6.45..02 ...1.54..14 0.00

AC227 0.00 4.j1+04 S•17+04 1.41+05 34.94+05 4.01+05 34,31+05 4.91+04 6.42+02 6.36+02 5.83+02 2.42+02

AC228 0.00 4.25..02 3.84+02 1.55+02 5.12+00 5.11+U0 5611+00 5.13+00 S.28+00 6.66+00 1.09+01 1.08+01

TH227 U.L,U 1.93+01 5.11+03 1.40+04 3.88+04 3.95+04 3.26+,14 4.81+03 6.33+01 6.28+01 5.75+01 2.39+01

TH223 0.00 1.40+05 1.62+O5 2.00+05 8.49+04 8.03+01 6.57+01 6.59+01 6.79+01 8.57+01 1.10+02 1.38+02

TH229 0.0u 2.71+02 3.24+,12 7.96+02 5019+03 5.04+04 3.43+05 6.60+05 6.39+05 3.23+04 7.71-09 0.00

TH230 3.40+01 3.83+01 8.73+01 1.35+03 3.12+04 3.14+05 1.91+06 3.16+05 3.25+02 3.21+02 2.79+02

TH231 0.00 3.42-01 3.36+00 3.36+00 3.37+00 3.44+00 1.04+00 6.24+00 6.12+00 6.36+00 5.83+00 2.42+00



HTGR SUM OF ALL AASTE STREAMS PROERTIES AFTER SEPARATION

PU4Ek =

TH232
TH234

PA231
PA233

PA2340

PA239
U232
U233

0234
0235

U236
U237

U238
NP237

NP239
PU236

P023P
PU239

Pu240

Pu241
P0242

P0243

AN241

AN242N

104242
Am2q3

Cm242

cm243

CM294
CM245
CN246

0.1247

SUBTOT

TUTAL

64.57 MOI, BURNUP = 94271.M4D, FLUX= 8.05+13N/C041,2-5FC

CHAR(A

4.96+09

0.00

U.U0
0.00
0..30

0.u0

1.01+07
7.36+06

2.12+06

3.32+03

1.72+04

0.00
3.95+ 1

j.j0
u.00

0.00

J.00

u.90

J.Ju

0.UU
0.00

0.00
0.30

o.OU

0.00

0.00

u.e0

0.00

O.UU

1.0U
0.00

1.97+07

1.97+07

SEPARAT/ufr

2..10+02

5.13+01

9.10+06
4.48+07

-2.u5-01

-2.u5-04

4.64+u4
3.68+04

3.;.,5+04

2.19+01

1.06+0';
-1.z9-0j

1.!,4+LI1
S.22+0,,

7.4R+04

-1.4R+Ou
3.74+j,i

3.L1+06
6.36+06

5.14+07
u.26+u4

2.1/-0J

6.R6+06
6.66+04

3.46+03
1.67+06

4.51+07
2.67+05

2.20+08
3.50+04

2.36+04

1.63-01

4.23+09
4.23+09

1.0+00 YR
2.30+32

3.08+01

4.10+05

2.00+u4

.6.17-14
-6.17-u7

4.84+u4

3.69+04

3.43+04

2.29+01

1.D6+ 124

1.54+1

7.911+04
-1.1t+t:d

3.71+ )9

J.01+u6

6.41+u6

4.vu+07

E.26+09
2.17-13

1.09+07
8.62+114

3.45+01

1.87+06

9.55+06

2.62+dS

2.11+08
3.50+04
2.36+04

1.63-01

4.00+09

4.00+09

NUCLIDE INGESTION NAZARU, 0E- sAIER AT RCG
BASIS = oT HEAvY METAL cHARGEO TO REACTOR

1.04'ul YR 1.0+02 Yfi 1.0+03 YR 1.0+04 YR

2.30+02 2.30+02 2.30+02 2.3u+J2

3.98+01 3.08+01 3.08+01 3.09+01
9.10+05 9.06+05 6.91+05 7.35+u5
1.57+fi4 1.56+04 1.63+04 1.64+04

_6.17-04 -6.17-04 6.17-04 -6.17-04

-6.17-07 -6.17-07 6.17-07 -6.1 7.07

4.56+04 1.93+04 3.33+01„

3.69+04 3.69+04 3.69+04 3.76+04

4.93+04 1.54+05 2.56+u, 2.so.u:,

2.24+01 .25...o1 2.29+01 2.69.0 1

1.06+04 1.06+09 1.07+04 1.08+04

-1.61-01 -2.39-03 -3.26-ob

1.54+01 1.54+01 1.54+u1
S.22+0S

7 • 47+0q 7• I +04 6•83.u4 3 • 02 +.:1

-1.30-01 -4.06-11 0.00 u.00

3.46+09 1.72+09 1.5S+06 2.19-1

3.01+06 3.01+06 2.97+u0

6.63+06 7.11+06 6.50+06 2.56+1(6

1.22+07 4.76+05 6.52+02 3.34+02

R.2R+04 8.28+04 8.27+U4 -,.)5+u4

2.17-03 2.17-03 2.17-u3 ,e.17.0?

3.93+07 6.25+02 1•99+b7 1.62.04

8.27.04 5.49+04 9.07+02 1.37-15

3.31+03 2.20+03 3.63+01 S.49-17

1.87+06 1.85+u6 1.71+o6 7.56+05

1.36+04 9.00+03 1.45+02 iv26-.16
2.15+05, 3.0/.9.04 1.0S..U4 Coln!

1.50+0S 4.77+06 5.17-u9 0.00

3.50+04 3.46+04 3.25+u4 1.67+04

2.36+04 2.33+04 2.1)6+04 6.664-.13
1.63-01 1.63-01 1.63-01 1.63-01

3.69+09 1.82+09 3.6R+07 3.26+07

3.69+09 1.82+09 3.68+07 3.26+07

1.0+05 YR

2.31+02

3.11+01

1.0+05
1.59+04

-6.24-09

-6.23-07

0.uu
4.26+0'4
1.Y4+05

9.16+uI

1.u9+04

-2.u/-U9

1.5+1.11
4..31+05
)./14-rni

2.4fka

b.y2.Ji!

2.16-'13

20:7+01

0.00
2.18+o2

0.0G

0.00

0.00

2.07+0
7.60-02
1.62.01

1.77+06

1.77+08

I.u+06 YR 1

2.36+02

3.23+01

1.43+03
1.19+04

_6.46-04

_6.46-07

u.00

4.26+09
1.56+”4
4.28+,31

1.06+04

1.61+01.
J.96+05

D.2b-03

.

!JeUll

1.3144,1)4

zeU4-0j

0.ou
L.013

1.56-01

u.00
o.clo

u.00

1.56-01

3.46+02

3.46+07

.0+07 YR 1.0+08 YR 1.0+09 YR

3.00+02 4.91+02 4.85+02

3.25+01 3.21+01 2.79+01

1.41+U3 1.30+03 5.38+02

6.45+02 1.42_10 0.00
-6.51-04 -6.42-04 -5.59-04

_6.51.07 -6.42_07 ' -5.59-07

0.u0 0.00 0.00

2.15+03 5.12-10 0.00

2.1 7+01 2.14+01 1.66+01
4.24+01 3.89+U1 1.61+01

6.20+03 6.03+02 2.80-09

0.00 0.00 0.u0

1.63fu1 1.60+01 1.90+01
2.15+04 4.73_09 0.ub

1.n3-04 6.20..21

0.0( OsOU 0400

Lel U.04) 0.00

e.60-u2 2.05-03 1.24-I9

o.on 0.ou 0.00
0.un u.no 0.00

9•b2..U4 0.00 coOP

1.43-03 3.42..US 2•07..21

0.110 U.00 0.00

0.00 U.00 0.00

0.00 0.00 0.00

1.08-01 2.57-03 1.55-19

0.00 U.00 0.011

0.00 U.00 0.00
0.00 U.00 0.00

0.00 0.00 0.00

0.UU 0.00 0.00

1.08-01 2•57..u3 1455.419

2426+05 6473+04 6404+04

2.26+05 6.73+04 6.04+04



2.E.15 BNWL-1900

HTGR PLANT WASTE

Fission Products



HTGR SUM OF ALL INASTE STREAMS

POWER '64.57 m4, BURNUP =

PRDPERJIES AFTER SErARATIOM

94271.m00, FLUX= 8.05+13N/CM+•2-SEC

NUCLIDE C0NCENTRATIONS, GRAMS

BASIS = Mr HEAVY METAL CHARGE!, TO REACTOR

CHARGE SEPARATION 1.0+00 YP 1.0+01 YR 1.0+02 YR 1.0+03 YR 1 .0+04 YR 1.0+05 YR 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09 YR

H 3 0.00 1.28+01 1.21-01 7.28.02 4.57.04 4.35.26 0.00 0.00 0.00 0.00 U.00 0.00

GE 72 0.00 3.57+02 3.57-02 3.57.02 3.57..02 3.57..02 3.57-U2 3.57-02 3.57_02 3.57..02 3.57_02 3.57-02

GE 73 0.00 1.15-01 1.15-01 1.15.01 1.15.01 1.15.01 1.15.01 1.15-01 1.15+01 1.15-01 1.15-01

GE 74 0.00 2.29.01 2.29-nl 2.29.01 2.29..01 2.29..01 2.29.01 2.29-01 2.29-01 2.29.01 2.29-01 2.29+01

AS 75 0.00 6,21..01 6.21-01 6.21.01 6.21+01 6.21-01 6.21-01 6.21-01 6.21-01 6.21+01 6.21-01 6.21.01

GE 76 0000 1.25+00 1.2b+00 1.25+00 1.25+00 1.25+00 1.25+0, 1.25+00 1.25+00 1.25+00 1.25+00 1.25+0u

SE 76 0.00 2.02..02 2.02-02 2.02.02 2.02+02 2.02-02 2.02.02 2.02.02 2.u2-02 2.02-02 2.02-02 2.02.02

SE 77 0.00 4.41+0U 4.91+00 4.41+00 4•41+00 4.41+00 4.41+00 4.41+00 4.41+00 4.41+00 4.41+00 4.41+00

SE 78 0.L10 1 • 95+0 1.45+01 1.95+31 1.45+01 1.45+01 1.95+01 1.45+01 1.45+01 1.95+U1 1.45+01 1645+01

SE 79 0.110 2.64+01 2.64+01 2.69+01 2.64+01 2.61+01 2.37+01 9.09+00 6.19-04 0.00 0.00 0000

BR 79 0.00 3.41.02 3.44+02 3.70+02 6.23.02 3.14-01 2.70+00 1.73+01 2.64+01 2.64+01 2.64+01 2.69+01

SE 60 0.00 5.25+01 5.25+01 5025+01 5.2 4.01 5.25+01 5.25+Ul 5.25+01 5.25+01 5.25+01 6.25+01 5.25+01

KR 80 0.00 4.22.02 4.22-02 4.22.02 4.22-02 4.22-02 4.22.02 4.22-02 4.22-02 9.22+02 4.22.02 4.22-02

BR 81 0.00 9•70+U1 9.70+01 9o704.01 9.70+01 9.7o+ul 9.70+01 9.70+01 9.70+01 9.70+01 9.70+01 9.704'01

KR 81 O.UU 3.20-02 3.20.02 3.20.02 3.20+02 3.20-U2 3.20-D2 3.20..02 3.20-02 3.20+02 3.20.02 3.20-02 l'")

SE 82 0.110 1.80+02 1.60+02 14.80+02 1.80+02 1.80+1,2 1.80+02 "80+02 1.8[1+02 1.80+02 1.80+02 1.80+02 1..-n

KR 82 0.110 4.27+00 4.27+00 4.27400 1.27+00 4.27+00 4.27+00 4.27+00 4.27+00 44.27+00 4.27+00 4.27+00 CTAn

KR 83 0.00 1.73+02 1.73+02 1.73+02 1.73+02 1.73+02 1.73+02 1.73+02 1.73+02 1.73+02 1.73+02 1.73+02

KR 84 0.00 6.77+02 6.77+02 6.07+02 6.77+02 6.77+U2 6.77+02 6.77+02 6.77+02 6.77+02 6.77+02 6.77+02

KR 05 0.00 1.52+02 1.93+02 8.00+01 2.48.01 2.06-26 0.00 0000 0.00 0.00 0.00 0.00

R8 AS 0.00 5.46+02 5.57+02 6.20+02 7.00+02 7.00+1,2 7.00+1,2 7.00+02 7.00+02 7.00+U2 7.00+02 7.00+02

KR 86 0.00 9.81+02 9..81+02 9.81+02 9.81+02 9.81+02 9.81+02 9.81+02 9.81+02 9.81+02 9.81+02 9.81+02

SR 86 0.00 1.57+00 1.57+00 1.57+00 1.57+00 1.57+00 1.57+00 1.52+00 1.57+00 1.57+00 1.57+00 1.57+00

RB 87 3.00 1.32+03 1.32+03 1.32+03 1.32+03 1.32+u3 1.32+113 1.32+03 1.32+03 1.32+03 1.32+03 1.31+03

SR 87 0.00 2.0C.03 2.00+03 2.00-03 2.00-03 2.01-03 2.18-03 3.83.03 2.03-02 1,85..01 1,84+00 1.82+01

SR 88 j.00 1.68+03 1.68+03 1.68+03 1.68+03 1.66+03 1.68+03 1.66+03 1.68+03 1.68+03 1.68+03 1.68+03

SR 89 (1.00 7.98..01 6.19+03 5.79-22 0.00 0.00 0.00 0.00 u.00 0.00 0.00 0.00

Y 89 0.00 1.99+03 1.994'03 1.99+03 1.99+03 1.99+03 i.99+03 1.99+03 1.99+03 1.99+03 1.99+03 1.99+03

SR 90 u•uo 2.01+03 1.96+03 1.57+03 1.71+02 3.92-06 0.00 0.00 0.00 0.00 0.00 0000

r 90 0.00 5.23.01 5.10+01 4.09-01 4.44+02 1.02-11 U.00 0.00 0.00 0.00 0.00 0.00

ZR 90 0000 1.61+02 2.10+02 6.01+02 2.0u+03 2.17+03 2.17+03 2.17+03 2.17+03 2.17+03 2.17+03 2.17+03

y 91 0.00 1.66+00 2.24+02 3.35-19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ZR 91 3.00 2.32+03 2.32+03 2.32+03 2.32+03 2.32+03 2.32+03 2.32+03 2.32+03 2.32+03 2.32+03 2.32+03

ZR 92 U.00 2.46+03 2.46+03 2.46+03 2.46+03 2.46+03 2.46+03 2096+03 2.46+03 2.46+03 2.46+03 2.46+03

ZR 93 0.00 2.56+03 2.56+03 2.56+03 2.56+03 2.56+03 2.554.03 2.44+03 1.61+03 2.52+01 2.21-17 0.00

NS 93M 0.00 3.27-03 9.26+03 1.12-02 2031+02 2.32-02 2.31+02 2.22.02 1.46-02 2.29+04 2.00-22 0.00

NB 93 0000 2.94..04 9.86.04 4.16-03 9.88+02 1.16+00 1.18+01 1.16+02 9.47+02 2.53+03 2.66+03 2.56+03

ZR 99 0.00 2.63+03 2.63+03 2.63+03 2.63+03 2.63+03 2.63+03 2.63+03 2.63+03 2.63+03 2.63+03 2.63+03

ZR 95 0000 3.12+00 6.34-02 3.82-17 0000 0.00 0.00 0.00 0.00 0.00 0.00 0.00

NB 95M 0.00 3.81+03 7.77-0s 4.68+20 U000 0.00 0.00 0.00 0.00 0.00 0.00 0.00



NTGii SUM OF ALL gASTE STREAMS PROPERTIES AFTER SEPARATION

POidE = 64.57 AW, 811FOUP = 94271.118D, FLUX= 8.05+1311/C1.1.02..SEC

NUCLIDE_ CONCENTRATIONS, GRAMS

BASIS = MT HEAVY METAL CHANGED TO REACTOR

COARGE SEPARATION 1.0+00 YR 1.0+01 YR 1.u+02 YR 1.o+u3 YK 1.0+04 YR 1.0+05 YR 1.0406 YR I .0+07 YR 1.0+08 YR 1.0+09 YR

NB 95 0.00 3.57+00 7.58..02 4.46..17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

MO 95 0.00 2.23+03 2.24+03 2.24+03 2.21+03 2.24+03 2.24.03 2.21+03 2.24+03 2.24+03 2.24+03 2.24+03

ZR 96 0.30 2.37+U3 2.37+03 2.37+03 2.37+03 2.37+u3 2.37+03 2.37+03 2.37+03 2.37+03 2.37+03 2.37+03

MO 96 0.00 2.16+02 2.15+02 2.15+02 2.15+02 2.15+02 2.16+02 2.16+02 2.15+02 2.15+02 2.15+02 2.15+02

NO 97 0.00 2.27+03 2!2?+03 2.27+03 2.27+03 2.27+03 2.27+03 2.27+03 2.27+03 2.27+03 2.27+03 2.27+03

MO 96 U.u0 2.25+03 2.25+03 2.25+03 2.25+03 2.25+03 2.26+03 2.26+03 2.25+03 2.25+03 2.25+03 2.25+03

TC 99 0.00 1.9E1+03 1.98+03 1.913+03 1.98+03 1.97+03 1.91+U3 1.43+U3 7.52+01 1.26-11 0.00 0.00

HU 99 a.ou 2.60.-02 2.64.-02 8.46..02 o.66-01 6.47+uU 6.36+01 6.51+02 1.90+03 1.98+03 1.98+03 1.98+03

MOIUU u.JU 2.19+03 2.19+03 2.19+03 2.19+03 2.19+03 2.19+33 2.19+03 2.19+03 2.19+03 2.19+03 2.19+03

RU100 Li.00 2.56+02 2.56+112 2.56+02 2.56+02 2.56+02 2.56+02 2.56+02 2.56+02 2.56+02 2.56+02 2.56+02

RU101 ti.L;O 1.53+03 1.53+03 1.53+03 1.53+03 1.53+03 1.53+03 1.53+03 1.63+03 I.b3+03 1.53+03 1.53+03

RU102 o.ou 1.10+03 1.40+j3 1.40+03 1.40+03 1.40+03 1.40+03 1.46+03 1.40+03 1.40+03 1.40+03 1.40+03

RUI03 o.uu 6.32..02 1.06.-04 1.10-29 0.00 0.0G 0.00 0.00 0.00 0.00 U.00 0.00

RH103M 0.J0 6.32..05 1.06-.07 1.10-32 0.00 0.00 6.00 0.00 0.00 0.00 0.00 0.00

Rh103 3.00 4.16+02 4,16+02 4.16+02 4.16+02 4.16+02 4.16+02 4.16+02 4.16+02 4.16+02 4.16+02 4.16+02

RU1U4 0.00 5.96+02 s.913+02 5.98+02 5.98+02 5.98+02 5.98+02 5.96+02 5.98+02 5.98+02 5.98+02 5.984 32

P0104 0.30 6.08+02 6.08+12 6.0+02 6.08+02 6,08+02 6.06+02 6.U6+02 6.08+02 6.01+02 6.08+02 6.08+02

120105 11•00 2.22+U2 2.22+,12 2.22+02 2.22+02 2.22+02 2.22+02 2.22+02 2.22+02 2.22+02 2.22+02 2.22+02

R0106 0.00 2.b3+01 1.42+01 2.66..02 3.1629 0.06 0.00 0.1;0 0.00 U.U0 0.00 0.00

RNIU6 0.00 I.34-us 2.71..08 2.9935 0.00 6.00 3.00 0000 0.00 6.00 0.00

PD106 0.30 2.44+02 2.5a+02 2.73+02 2.73+02 2.73+02 2.73+02 2.73+02 2.73+02 2.73+u2 2.73+02 2.73+02

POI07 6.00 9.41+01 9.41+01 9.41+01 9.41+01 9.41+61 9.40+01 9.32+01 8.52+01 3.50+01 4.72..03 0.00

AGIU7 0.00 2.58-.05 3.52..0s 1.19-04 9.58..04 9.34..03 9.3202 9.27..01 8.87+00 5.91+01 9.41+01 9.41+01

PD108 0.60 4,51+01 4.1-'2+01 4.52+01 1.52+01 4.52+01 4.52+01 4.52+01 4.62+01 4.52+01 4.52+01 4.52+01

CD108 J.00 1007-.06 1.07.-06 1.07-06 1.07-•06 1.67.-06 1.07-06 1.1j7.-.06 1.07-06 1.07-06 1.0%06 1.07-06

AG109 0.00 1.38+01 1.30+01 1.38+01 1.38+01 1.30+01 1.38+01 1.38+01 1 ,38+01 1.38+01 1.38+01 1.38+01

C0109 0.00 5.95..119 3.43..03 2.23-11 3.22.-33 0.00 0.00 0 • Liu 0.00 0.00 0.00 0.00

PUII0 0.00 1.48+01 1.48+01 1.48+01 1.48+01 1.48+111 1.48+01 1.40+01 1.48+01 1.48+ul 1.48+01 1.48+01

AGIIOM 0.00 1.88..02 6.90.-03 8.49..07 0.00 0.60 0.00 0.00 0.00 0.00 U.00 0.00

AGIIG 0.00 2.72..09 1.00-09 1.23-.13 0.00 0.00 0.00 0.G0 • 0.00 0.00 0.00 0.00

CUIIG 0.06 1.78+01 1.78+!_pi 1.78+01 1.78+01 1.78+01 1.78+0) 1.78+01 1 •710+01 1.78+01 1.78+01 1.78+01

CD111 0.00 1.17+01 1.17+ul 1.17+01 1.17+01 1.17+01 1.17+01 1.17+01 1.17+U1 1.17+01 1.17+01 1.17+01

CD1I2 3.00 7.46+00 7.46..c0 7.46+00 7.46+00 7.46+00 7.46+00 7.46+00 7.46+00 7.46+00 7.46+00 7.46+00

C0113m 0.00 5.06-04 4.82.-04 3.08..04 3.58-06 1.61..25 u.00 0.00 0.00 0.00 0.00 0.00

(0113 U.00 8.42..02 8.42..02 8.42..02 8.42-02 8.42-02 0.42-62 8.42.02 8.42..02 0.42-.02 8.42..02 8.42-02

IN113 0.00 4.69,-05 7.13-.05 2.44..34 5.49-04 5.52..34 5.52-04 6.52-04 5.52..04 5.52..04 5.52.-04

CD I 14 0600 1./4+01 1.94+01 1.94+01 1.94+01 1.94+01 1.94+01 1.94+01 1.94+01 1.94+01 1.94+01 1.94+01

111114m 0.00 2.95-1U 1.87..12 3.06-32 0•OU 0.0C 0.00 0.00 0.00 0.00 0.00 0.00

514114 0.00 8.46-06 8.46-.06 8.46-06 8.46-06 8.46-06 8.46-1J6 8.46.-06 8.46..06 8.46..06 8.46-06 8.46..06

CDI15m 0.00 7.10-05 I.97•-07 1.94..30 0.0U 0.6-0 0.00 0.0U 0.00 0.00 0.00 0.00



,HTG.R. SUM OF_ALL. WASTE.STREAMS PROPERTIES AFTER SEPARATION.

POWER =

CHARGE

64.57 MW. BURNUP = 94271.MWD. FLUX= 8005+13N/CM.,02-SEC

NUCLIDE CONCENTRATIONS. GRAMS

BASIS = MT HEAVY METAL CHARGED TO

SEPARATION 1 .0+00 YR 1.0+01 YR I.U+02 YR le0+U3 YR 100+08 YR

REACTOR

1.0+05 YR 1.0+06 YR 160+07 YR 1.0+08 YR 1.0409 YR

1N115 0000 1.46+00 1.46+00 1.46+00 1.46+00 1.46.00 1.46+00 1.96+00 1.46+00 1.46+00 1.96+00 1.46+00

SNI15 0000 3079-01 3699.01 3.99-01 3.99-01 3.99.01 3.99-01 3.99-01 3.99-401 3.99-01 3.99-01 3.99-01

CD116 0.00 7.36+00 7.36+00 7.36+00 7.36+00 7.36+00 7.36+00 7 •36.00 7.36+00 7•36+00 7 • 36+00 7.36+00

SN116 0.00 6.67+00 6.67+00 6.67+00 6.67+00 6667+00 6.67+00 6.67+00 6.67+00 6.67+00 6.67+00 6.67+00

SN117 0.00 7.254.00 7.25+00 7625+00 7.25+00 7.25+00 7.25+00 7.25+00 7.25+00 7.25+00 7.254'00 7.25+00

SN118 0.00 7•49+00 7.49+00 74,49+00 7.49+00 7.49+00 7049+00 7049+00 7.49+00 7.49+00 7.49400 7.49+00

SN119M 0e00 1.80-03 6.55..04 7.23-08 0.00 0.00 06,00 04000 0.00
1.7"6:064.00

0.00 0.00

SNII9 0.000 7.55+00 7.56+00 7.56+00 7.56+00 7.56+00 7.56+00 7.56+00 7.56+00 7.56+00 7.56+00

SNI20 0•00 8.28+00 8.28+00 8•28+00 8.28+00 8.28+00 8.28+00 8e28+00 84,28+00 8.28+00 8.28+00 0.28+OU

SNI2IM 0.00 2.12..05 2.10..05 1.93-05 8.50..06 2.32-09 0000 0.00 0.00 0.00 0000 0.00

SBIZI 0000 7.82+00 7.82+00 7.82+00 7.82+00 7.82+00 74,82+00 7.82+00 7.82+00 7.82+00 7.82+00 7.82+00

SNI22 0000 1.25+01 1.25+01 1.25+01 1.25+01 1.25+01 1.25+01 1025+01 1.25+01 1.25+01 1.25+0i 1.25401

TEI22 04,00 9.10-01 9.10.-01 9.10-01 9.10-01 9.10-01 9.10-01 9.10-01 V.. 10-,01 9• 10-0 1 9• 10-01 9.10-01

SNI23M 04400 3.39-02 4.476.03 5.45-11 0.00 0.00 0.00 0000 0..00 0.00 0.00 0.00

SB123 04000 1.65+01 1.65+01 1.65+01 1.65+01 1.65+01 1.65+01 1.65+01 1.65+01 1.65+01 1.65+01 1.65+01

TEI23m U.00 5.85-05 6.72..06 2635-14 0000 0.00
0. 

0.00 0.000 0.00 0.00 0.00

TEI23 0.00 3.19-03 3.28-03 3025-03 3.2503 3.25-03 36(g-03 3.25-03 3.25-03 3.25-03 3.25..03 3.25-03 op

SN124 0.00 2.57+01 24,57+01 2.67+01 2.57+01 2.57+01 2.57+01 2.57+01 2.57+01 2.57+01 2.57+01 2.57+01

SBI24
TEI24

0.00
U.00

1634..03

7.62-01
1.974605
7.63.01

6.39-22
7.63-01

0000
7.63-01

0.00
7.63.01

0.00
7.6364,01

0000
7.63-01

0.00
7.63-01 7.63-010C..

0
.(6).01

0.00
7.63-01

58125 0.00 1.62+01 1.25+01 1.24+00 1.15-10 0.00 04400 0.00 0.000 0.00 0.00 0.00

TEI25M

TE125
0e00

0.00

3.93-01

1.50+01

3.05-01

1.87+01

3.034602

3.02+01

2.81-12

3.154.01

0.400
36 15+01

1:"0
3.1T +01

0.00
3015+01

0. 00
3.15+01

0.00

3.15+01

0.00

3015+01

0.00
3.154.01

SN126 0,000 3.51+01 3.51+01 3.51+01 3.50+01 3.884.01 34427+01 1.75+01 3.43-02 2.81-29 0.00 0.00

SBI26M 0.00 1.27-00 1.27.08 1.027.4408 16274-08 1.26-08 1.18-08 6.34-09 1.24-11 0.00 0.00 0.00

58126 04,00 1.19..05 1019-05 10,194-05 1.19-05 1.18-05 1.11-05 5.94-06 1.16-08 0.00 0.00 0.00

TE126 0.00 3.55+01 3.55+01 3.55+01 3.5S+01 3.57+Ul 3.78+01 5.30+01 7.05+01 74,06+01 74406+01 7.06+01

TE127M 0.00 6.00-01 S.896602 4.94-11 0.00 0000 0.00 0.00 0600 0000
E

0.00

TE127 04,00 24,13-03 2.09 08 1.75-13 0000 0.400 0.09 0.00 0.00 0.00 0" 0.00

1127 0000 1.87+02 1.88+02 1.88+02 1.88+02 1.80+0i 1.80402 1.88+02 1.80+02 1.68+02 1.98+02 1.88402--

TEI28 0.000 4.62+02 4.62+02 4.62+02 4662+02 4.62+02 4.624'02 4e62+02 4.62+02 4.62+02 4062+02 4.62+02

XE128 0.00 2.25+01 2.25+01 2.25+01 2.25+01 2.25+01 2.25+01 2.25+01 2.25+01 2.25+01 2.025+01 2.25+01

TE129m 0•00 6.52-03 3.81..06 3.04645 0000 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TE129 0.00 5.89-U6 3.44-09 0.00 0.00 0.00 0.00 0.00 0.00
11.17A01+02

0.00 0.00

1129 0.00 7.27+02 7.27+02. 7627+02 7.27+02 7.27+02 7.27+02 7.25+02 6.98+02 1.23+01 1.44-15

XE129 04000 L14,01...01 4.016601 4.014-01 4.0-01 4•30-01
.

0 4.97-01 3.31i00 2.95+61 2,44+02 7.16+02 7:28.02

TE130 0.00 1.27+03 1.27+03 1.27+03 1.27+03 1.27+03 1.27+03 1.27+03 1.27+03, 1.27+03 1.27+03 1.27+03

XE130 0.00 7.78+01 7.78+01 7.78+01 2.28+01 7.78+01 2.26+01 7.20+01 7.78+01 7.78+01 7.711+01 7.78+01

XE131 0.00 8.94+02 8.94+02 8.94+02 8.94+02 8694.02 8.94+02 8.94+02 8.94+02 804+02 04094+02 8.94+02

XE132 0000 3.41+03 3.41+03 3.41+03 3.41+03 3641+03 3.81+03 30414113 3.41+03 3.41+03 3.41+03 3011+03



MTGR S3M

POaER =

CHAN6k:

C5133 0.00

Of ALL -.451.L STREAMS PROPERTIES AFTER SLPARATI00

64.57 my. RURN0P = 94271.HA,,, FLUX= 8.05+136/Cm.4.2-SEC

NUCLIDE CONCENTRATIONS. GRAMS

= mT HEAVY METAL CHARGED TO

ScPARATIUN 1.6+00 YR 1.0+01 YR 1.0+02 YR 1.0+03 YR 1.L+04 YR
2.33+03 2.33+03 2.33+03 2.33+03 2.33+03 2.33+03

REALTOR

1.04.0S yR

2.33+03
1.6+06 YR

2.33+03

.0+07 YR

2.33+L3
1.0+08 YR

2.33+03
1.0+04 YR

2.33+03
XEI34

LS134
0.00 3.86+03

4.34+02

3.86+03

3.04+12

3.66+:13

1.46+01
3.86+03

9.04-13
3036+03

0.u0
3.86+03

U.Ou

3.e6+03

O.UU

3.86+03

11.0U
3.66+03

0.00

3.86+03

0.00

3.66+03

0.00
BA134 0.60 4.77+02 6.01+02 6.96+02 9.11+02 9.11+62 9.11+02 9.11+02 9.11+02 9.11+02 9.11+02 9.11+02
C5I35

BA135
0.06

U.60

7.6/4.02

4.66-01

7.67+02

4.66-01
7.67+02
4.66-01

7.67+02
4.84-01

7.67+U2

6.43-01

7.664.u2
2.24+00

7.5u+02

1.60+01
6.04+02
1.59+02

7.62+01

6.92+02

7.13-08

7.68+02

0.00
7.684.02

XE136 D.00 6.67+03 6.67+,13 6.67+03 6.67+03 6.67+03 4.67+03 6.07+03 6.67+03 6.67+03 6.67+03 6.67+03
EIA136 ).00 1.u24U2 1.01..u2 1.02+32 1.02+02 1.02+02 1.02+02 1.02+02 1.02+02 1.02+02 1.02+02 1.1;2+02
C5137 J.00 3.434.03 2.72+03 3.40+02 3.11.-07 u.110 O.Uu 0.00 0.00 0.00 0.00
6A137m J • 1,, U 5.18-04 5.06-04 4.11-04 5.14-0S 4.61-14 0.00 0.00 6.00 0.00. 0.00 0.00
dA137 J.dU 2.43+02 3.21*G2 9.60+02 3.33+03 3.67+03 3.67+03 3.67+03 3.67+03 3.67+03 3.67+03 3.67+03

BA138 0.00 3.E0+03 3.50+0:3 3.sh+03 3.50+133 3.5L+U3 3.50+0.3 3.5,0+03 3.50'03 3.50+03 3.50+03 3.50+03
LA139 J.LL 3.67+03 4.67+03 3.67+u3 3.67+03 3.67+03 3.67+33 3.67+03 3.67+03 3.67+03 3.67+03 3.67+03

CE1 40 3.00 3.91+03 3.91+03 3.91+03 3.91+03 3.91+03 3.91+03 3.91+03 3.91+03 3.91+03 3.91+03 3.91+03
CE141 d.00 5.21-01 6.15-36 0.00 0.60 L.03 0.00 0.U0 O.U0 0.00 0.00
FR141 0..10 3.6S+03 3.ca+o3 3.64+03 3.654.03 3.65+03 3.8b+01 3.6b+03 3.85+03 3.E5S+63 3.85+03 3.85+03

CE142
N0142

0.00

0.00
4.55+03

1.'-c3+02

4.SS+13

1.50+02
4.55+03
1.50+32

4.55+03

1.50+02

4.5S+03

1.513+02
4.55+03

1.50+02

4.11 4.u3

1.Sa+02

4.55+03

1.50+02

4.5+u3

1.5.3+62

4.55+03

1.5o+U2

4.55+03

1.50+02
M0143 0.00 1.01+03 1.61+n3 1.61+03 1.61+63 1.614.'33 1.61+03 1.61+33 1.61+03 1.61+03 1.61+03

CE144

FR144

0.00

U.00

3.19+02

1.39-02

1.35+02 4.44-02

1.66-36

6.46-37

D.OU

0.00

0.66
6.00
6.0u

0.00

0.06

0.00
L.00

0.0U

0.00

0.00

0.00

0.00
0.00

A0144 4.66+03 40(7+33 5.01+03 5.01+03 5.111+03 5.01+,13 5.01+0 3 5.u1+03 5.01+03 5.01+03 5.01+03

NU146 0.,113 1.R3+03 I.b3+]3 1.83+03 1.83+03 1163+03 1.83+53 1.83+03 1.83+03 1.83+03 1.83+03 1.83+03
N3146 6.J6 2.14+03 2.14+03 2.1 4+03 2.1 4+03 2.14+03 2.1 44.J3 2.14+03 2.14+03 2.14+03 2.14+03 2.14+03
PM147

Sm147

0.J0

0.06

1.57+02

1.59+02

1.214.,,r2

1.95+32

1.12+01

3.0+02

'5.1 3-10

3.16+02

0.60

3.16+L,2

0.00

3.16+02

O.LU
3.16+02

u.00

3.16+02

0.00

3.16+07

11..00

3.16+02

0.00

3.16+02

ND146 j.00 9.11+02 9.11+02 9.11+02 9.11+02 9.11+02 9.11+32 9.11+u2 9.11 4'02 9.11+02 9.11+02 9.11+02

Ph148!, J.00 1.24-03 2.9E-16 J.311-3u 6.00 J.0& 0.00 O•ju u.00 0.00 U.OU 0.00

PM148 3.0U 1.18-dy 3.08-06 6.67-32 0.00 0.00 0.00 0.uu 0.00 1.1.110 6.00 0.00
Sm14.3 0.00 7.41+02 7.41+02 7.41+32 7.41+02 /.4I+02 7.41+32 7.41+02 7.41+02 7.41+02 7.41+02 7.41+172
SH149 4.42+00 q.52+J0 4.51+UU 4.52+00 4.5240u 4.52+00 4.52+00 4.52+00 4.52+00 4.52+00 4.524 10

NEISU ,1.00 3.7R+02 3.76+02 3.78+02 3.78+02 3.78+02 3.78+02 3.76+62 3.78+02 3.76+02 3.78+02 3.78+02
SM150 0.du 6.90+02 6.90+02 6.90+02 6.40+02 6.90+02 0.90+U2 6.9U+02 6.9U+02 6.9u+02 0.90+02 6.90+02

5H151 0.30 2.20+01 2.16+01 2.03+01 9.96+00 7.62-L3 5.60-34 U.00 0.00 O.UO 0.00 0.00

E015 1 0.L0 1.86-31 3.62-11 1.87+0u 1.22+01 2.21+01 2.21+01 2.21+01 2.21+01 2.21+01 2.21+01 2.21+01

SMI52 1.64+02 1.64+i2 1.64+02 1.64+02 1.64+02 1.64+62 1.64+02 1.64+02 1.64+02 1.64+62 1.64+02

E0152 0.60 1.30-u2 1.23-02 7.31-03 4.04-u5 1.1,8-27 0.00 0.uu L.110 0.00 0.00 0.00

G0152 0.00 1.37-01 1.36-01 1.39-01 1.41-01 1.41-ul 1.41-ul 1.41-01 1.41-01 1.41-01 1.41-01 1.41-01

EU153 0.00 2.064-02 2.06+01 2.06+02 2.03+02 2.U8+02 2.08+02 2.06+02 2.08+02 2.u8+02 2.08+02 2.08+U2

SM1b4 0.00 3.06+01 3.66+01 3.d6+01 3.86+01 3.66+01 3.86+61 3.66+01 3.d6+01 3.86+u1 3.86+01 3.86+01



HTGR SUM OF ALL WASTE STREAMS PROPERTIES AFTER SEPARATION

POWER W 64.57 MO, BURNUP = 94271•Mtido l FLUX° 8•05+13N/CM 41.2-SEC

NUCLIDE CONCENTRATIONS, GRAMS
BASIS w MT HEAVY METAL CHARGED TO REACTOR

EUI54
GD154

EUI55

CHARGE
0.00
0.00
0.00

SEPARAT I ON
8.35.01
61.21.00
6.71.00

1.04.00 YR
8.00.01

1.18+01

4.57+00

1.0+01 YR
5.42,01

3.76+01
1.46-01

1.0+02 YR
1.10,00
9.06+01
1.58..16

l .0+03 YR
1.29-17

9.17+Ul

0.00

1.04'04 YR

0000
9.17+01
0.00

1.0+05 YR

0.00
9.17+01
0.110

1.04'06 YR

0000
9.17+01
0.00

1.0+07 YR
0.00

9.17+01
0.00

1.0+08 YR
0000
9.17+01

0.00

1.0+09 YR
04.00

9.17+01
0.00

GDI55 0.00 3.19+00 5.33+00 9.75+00 9.90+00 9.90+00 9.90+00 9.90+00 9.90+00 9.90+00 9.90+00 9.90+00
GDI56 0.00 4.69+02 4.69+02 4.69+02 4.69+02 4.69+02 4.69+02 4.69+02 4.69+02 4.69+02 4.69+02 4.69+02
G0157 0.00 3.7502 3.75..02 3.75-02 3.75..02 3.75..02 3.75-02 3.75..07 3.75-02 305..02 3.75-02 3.75-02
GDI58 0.00 1.88+01 1.88+01 1.88+01 1.88+01 1.88+01 1.88+01 1.88+01 1.884.ol 1.88+01 1.88+01 1.88+01
T8159 0.0U 7.54-U1 7.54-01 7.54..01 7.54-01 7.54-01 7.54-01 7.54..01 7.5401 7.5401 7.54..01 7.54..01
GDI60 0.00 2.51..01 2.51-01 2.51-01 2.51-01 2.51.411 2•5101 2.51-01 2.5101 2.51-01 2.51..01 2.51..01
T8160 0.00 1089-.03 5.65-05 I•0718 0.00 0.00 0.00 0.00 U.00 0.00 0.00 0.000
DY160 0..00 2.56-01 2.5"01 2.58..01 2.58..01 2.58-01 2.58-01 2.58..01 2.58..01 2.58..01 2.51L01 2.58..01
DY161 0000 6.68..02 6.68..02 6.68-02 6.68-02 6.68-02 6.6802 6.68..02 6.68-02 6,68..02 6.68..02 6.68..02
GDI62 0.00 B.25..03 4.13..03 8.07.-06 6.61-33 0.00 0000 0.00 0..00 0.00 0.00 0.00
TBI62M 0.00 1•16-07 5.88-08 1.15-10 0000 0.00 0.00 0.00 0.00 0.00 0000 0.00
DYI62 0.00 6.39-02 6.8102 7.22-02 7.22-02 7.22-02 7.22-02 7.22-02 7.22-02 7.22..02 7.22..02 7.22..02
DY163 0.00 6.05-02 6.05-02 6.0S-02 6.05-02 6.05-02 6.05..02 6.05..02 6.05-02 6.0502 6.05-.02 6.05..02
pv164 0.00 1..2402 1.24..02 1.24..02 1.24-02 1.24-U2 1.24-02 1.24-02 1.24..02 1.24..02 1.2402 1.24..02
H0165 0.00 4.39..02 4.39-02 4.39..02 4.39..02 4.39..02 4.39..02 4.39-02 4.39..02 4.39..02 4.3%02 4.39..02
H0166M 0.00 6.23-05 6.23-05 6.2005 5.8805 3.50-05 1.93-07 5.1830 0.00 0.00 0.00 (1.00
ER166 0..00 1.46-02 1046-.02 1.46..02 1.46-02 1.46+02 1.47-02 1.47..02 1.47-02 1.47-02 1.47..02 1.42-.02
ER167 0.00 2.35-03 2.35..03 2.35..03 2.35-03 2.35-03 2.35-03 2.35-03 2.35..03 2.35.-03 2.35-03 2.35..03

SUBTOT 0..00 9.90+04 9.90+04 9.90+04 9.90+04 9.90+04 9.90+04 9.90+04 9.90+04 9.90+114 9.90+04 9.90+04

TOTAL 0.00 9.90+04 9090+04 9.90+04 9.90+04 9.90+04 9.90+04 9.90+04 9.90+04 9.90+04 9.90+04 9.90+04



HT6N SUO UF ALL .,,ASTE STRiANS phOPERTIES AFTEP 5E.PARAT10h

R0401 = 64.7 00RNUP = 7o,271.Mt1i, FLUX= 8.05+130/C00.2-SEC

NUCL10t RACi1OACTIVITY $ CURIES

.mT RLAvy m[TAL CHARGE:0 TU 14EACTOR

H 3

5L 79

KR 85

riv b6

RO E7

SR 89

SR 9G

Y 90

Y 91

V? 93

Nb 93M

212. 95
NB 95,1

Nb YS

TC 99

R0103

R11103N4
RU1o6

RH106
H0107

A6109m

CDIWi

AG1101!

A6110
C1i1130

101140

10114

C01150

5N119N

SNI2IM

SNI230

TE123R

SBI24

S012

TE12Sm

SN126
561260

5h126

TFI274

TEI27

C0AqE

A.AU

0.,10

0.oU

:‘11

0“40

0.,AU

0.00

1.o0

0.L0

0.A0

0.00

0.J0

U.00

u.Nu

u•00

0.A0

0.-Ju

• l!LA

J.UL

J.Ju

J.L1

6.0C
Ll.bu
0.00
• 011

'1.;j0

h.OU
.3.00

0.0u
0.06

0..JU

0.0U
0.01;
O.U0

0.u0

J.00
0.00

sErARAT/Ji

1.244.uj

1.C4+NL

5.92+Ul

7.-63

1.09-04
2.2S+uy

2.1:1+05

4.0+04

6.56+06

9.2-01
6.1:0+34

1.'10+03

1.40+05

3.37+,_11

"2.02+00

2.(;34413

9.Sui+01

4.49-j2

P.61+01
I•15+ul

1.14.-01
6.77..06

6.b.1-06

1.88+00

7•92+0u

4.2.1-U4

2.0(1+02

5.31-01
2.35+01

1.11+114

7.09+03

Y.95-01

5.67+03

S.60+03

1.0+HO It)

I •17+u43

1..H1+1;0

5.5S+34

9•66-.AY

1.73+02

2.78+Ju.;
2.7d+q5

5.46+,12
6.b6+

1.211+j0

1.3.1+Y3
2•85+JI

2.93+(!3

3.31+ A

3.3V+On

4.4Y-; ?

9.00-i]6

3.1'1+01

4.21+o0

1.99-U1

4.11-08

5.21-03
?.H+++riu

3.4d+hl

6.10-_;2
3.46- n

14.33+,„1,

5.4Y*3

9.8b-ul

SeE6+u2

5. •119+112

1.0+LJI YR

/.uS+02

1.64+00

3.12+04

0.00
1.09-04

1.63-17

2.22+jS
2.2+db

E.17-lb

6.S6+00

3.1 8+00

b.041-13

1.71-14

3.37+J1

3.b3-25

9.61+01

9.61+31

4.49-u2

5.69-0d

s.P9-06

3.9C-03

5.14-04

6.c7-UZ

n.cr,

I.,

5.12-26

3.17-to

7.51+09

4.63-u/

2.14-10

1.12-17

1.32+03
S.45+02

9.95-ul

9.95-31

9015-J1

4.66-07

4.61-07

1.0+02 YR
4.43+11J
I.64+on

Y.67+ul

0.0Gd

1.0-34

0.00

2.4C+04

2.'42+114

0.0U
6.56+00

6.53+00

0,00U

u.au
o.ou
3.3)+,11
u.cu
11.;0
1.06-25

1.06-25

4.49-02

LJ.J0

.J.0u

n.00
0.00

3.10-04

0.00

0.00

1:.00

0.00
3.31-04

U.00

J.00
0.3J
1.22-b7
S.06-08
9.9b-01
9.9-01
9.85-01
0.00
C.00

1.0+03 Yvi

I.d2+06

8.04..24

5.54-06

5.54-u6

n.uo
6.bo+uu
6.$6+uo
u.ot,
u.oc,

3.36+bl
0.60

U.dt

0.LU
O.L6
9.49 -u2

0.Lh

0.0C.

3.64-[3

0.bn

u.bt,

0.1,6

9.02-bb

0.ut

0.00

0.6

0.00

0.0U
9.b9-dl

9.89-ol

9.79-01

0.00

0.00

1.0+04 YR

U.OU

I.65+00

0.00

,u.ou
1.09-u4
0.U0

0.0J
0 • 00
0.03
0.53+4.;

6.53+U0

u.OU

0.0U

o.ou
3.264-J 1
9.00

u.00

G.00
0400
4.45-02

u.o0
6.ou
u.ou
u.ou
u.ou
3.uo
u4ou
L.ou
u.ou
04ou
o4ou
0.00

,i.OU

0.0U

0.00

9.29-U1
9.29-01

9.19-U1

U.OU

0.00

1.0+05 YR

0.6U

6.33-U1

0.6u

0.uti
1.u9-L14
0.J0

0.(30
(1 • 1.10
0.60

6.4/+Uo

6.27+00

(1.00
0 • 'JLI

u.uu
2.4.34-1J1
0.u0

U.LJJ

0.0L
0.61.i

4.45-J2
O.ou
u4uu
u.uu
u.L;u
u.uu
04ou
04Lic,
0.0u
O.Lo
o.u0
0.00

0.bu

0.Uu

O.Jb

0.00

4.96-01

4.91 -01

4.93-01

0.0U

O.U0

1.134.nó YR
0.00

4.31-05

U.00

u.o0
1.09-04
0•UU

0.00
0 • CIO

6.00

4.14+00

4.14+00

U.OG

u40u
u4uu
1.28+u11
0.00

u.UU

C.00
U.uu

4.07-02
J4uo
u.ou
u.ou
o.uu
d.ou
u.00
o4ou
o4u0
o4uu
u.ou
b.00

0.00

J.00

0.00

0.00
9.74-04

9.74-04

9.64-04

u.00

0.0U

1.04.o7 YR
o.uo
o.uu
o.uo
o.on
1.0)..u4
0.00

0.00

o.on
o.uo

6.47-o2
0.uo
o.do
o.uu
2.19-13

o.uo
0.30
0.00
1.47-'32
0.00
0.00
0.j0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.(Jj
0.00
0.00
0.00
0.00
0.60
0.00
0.00

1.0+06 YR
0.03
U.00
U.00
0.00
1.o9-ug
u.on
u.od
o.ou
u.on
5.66_20

S.66-20

0.00

0.00

0.00

0.00

u.n0
u.ou
u.uo
u.ou
2.26-u6

U.00

U.00

0.00

b.00

0.00

0.0d

0.00

0.0U

0.00

U.00

0.00

U.OU
Lio00
0.00
0.00
0.00
0.00
o.no
0.00
0.00

1.0+09 YR

0.00

.0.00

0.00

0.00
1.07-04

0.00

0.60

0.00

0.00

04U0

0.00

0.00

0000

0.00
0.00
0.00
o.cl
o.uo
0.00
0.u0
0.U0

0.00

0.00

0.1)0

0.00

0.00

0.00

0.00

0.00
0.00

o.00
0.00
u.uo
o.uo
0.00
0.00
o.uo
0.00
0.00
u.un



HTGR SUM OF ALL WASTE STREAMS PROPERTIES AFTER SEPARATION

POWER m 64.57 MW, BURNUP = 94271.MWD, FLUX= 8.05+13N/CM..2-5EC

NUCLIDE RADIOACTIVITY, CURIES

8ASI5 w MT HEAVy METAL CHARGED yo REACTOR

CHARGE
TE129M 0.00
TE129 0.00
1129

CS139
CSI35
C5137
BA137m

BA140
LA140
CE14 1

PR143
CE144
PR144
PM147
PM148m
PM148

SM151
EU152

EU1S4

Eu155
EU156

TB160
GD162

78162m
H0166m

SUBTOT
TOTAL

0.00
0.110
0.00
0.00
0800

0.00
0.00
0.00
0.00

0.00
0.00

0.00
0000

0.00
0.00
0.00

0.00
0.00

0.00

0.00
0.00

0.00
0.00

J.00
0.00

SEPARATION

1.94+02
1.24+02

1.19-01
5.65+05
6.78.701
2.98+05

2.79+05

7.61-03
8.76-03
1.49+03
3.29-02
1.05+06

1.05+06
1.46+05

2.60+01

2.09+00
5.98+02

2.55+00
1.21+04
8.55+03

3.43-02

2.14+01

1.82+01
1.82+01
1.12-0y

4.55+06
4.55+06

1.0+00 YR
1.14-01
7.28-02
1.19-01

4.03+05

6•78-01
2.92+05
2.73+9s

1.97-11
2.26-11

6.03-01
3.11-10
4.31+05

4.31+05'

1.12+05

6.27-02

5.04-03
5.93+02

2.41+00
1.16+04

5.83+03
1.61-09
6.39-01

9.11+00

9.11+00
1.12-04

2.69+06
2.69+06

1.0+01 YR

0.00
0.00
1.19-01
1.92+04

6.78-01

2.37+05

2.21+05

0.00
0.00
0.00
0.00
1.42+02
1.42+02

1.04+04
1.74-25

0.00
5.52+02

1.43+00
7.86+03

1.86+02

0000
1.21-14

1.78-02
1.78-02

1.11-04
9.75+05

9.75+05

1.0+02 YR

0.00
0.00
1.19-01

1.18-09

6.78-01
2.96+0y

2.77+04

0.00
0.00
0.00
D.00

0.00
0.00
4.76-07

0.00
0.00
2.69+02

7.92-03

1.59+02

2.01-13

0.00
0.00
0.00
0.00
1.06-04
1.06+05
1.06+05

1.0+03 YR

0.00

0.00
1.19-01
0.00
6.77-01
2.77-05

2.59-05
0.00
0.00
0.00
0.00

0.00

0.00
0.01/
0000

0.00
2.08-01
2.12-25

1.88-15

0.uU

0.00
0.00

0.00
0.00
6.28-05
5.25+01

5.25+01

1.0+04 YR 1.0+05 YR
D•00 0.00
0.00 0.00

1.19-01 1.18-01

0.00 0.00
6.76-01 6.62-01
0.00 0.00

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

0.00 0.00
U.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00
0.00 0.00
3.47-07 0.00
5.09+01 3.98+01
5.09+01 3.98+01

1.0+06 YR

0.00
0.00

1.14-01
0.00

5.38-01

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0000

0.00
0.00
U.00
0.00

0.00
0.00
0.00

0.00
1.02+01

1.02+01

1.0+07 YR

0.00
0.00
7.89-02

0.00

6.73-02
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
080U

0.00
0000
0.00
0.00
0.00

0000
0.00'

0000
0.00
0.00

2.92-01
2.92-01

1.0+08 YR 1.0+09 YR

0.00 0.00

0.00 0.00

2.01.03 2.35-19

0.00 0.00

6.29-11 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0000 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0000 0000
0.00 0.00

0000 0.00
0.00 0.00
0.00 ci.on
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.cm
2.12-03 1.07-om
2.12-03 1.07-04



HT(4k 50h UF ALL .ASTE STRFAmS PROPERTIES AFTEk SEPARATIOL

04.57 6URNUP = 94271.WA0. FLUX= 8.05+13.4/CH..2-SEC

NUCLIDE THERMAL POOER. AATTS

BASIS = MT HEAVY OETAL CHARGE:0 TO REACTOR

CHAi“3E SEBARATI1N 1.6+06 YR 1.0+j1 YR 1.6+02 YR 1.0+03 YR 1.0+04 YR 1.0+0s YR 1.0+06 YR 1.0+U7 YR 1.0+06 YR 1.0+09 YR

H 3 0.J0 4.41-02 4.17-12 2.51.-02 1.57-04 1.50..26 0.00 0.00 0.00 O.U0 0.00 0.u0

SE 79 0.J0 6.98-04 6.90-04 6.9F-.04 6.97-04 6.90-U4 6.27-U4 2.4U-04 1.63-08 0.00 0.00 0.00

KK 85 U.JU 9.62+01 9.02+UI 5.a6+01 1.57-01

10.30 -" It=

0.00 0.00 0.00 0.00 0.00

AB 66 0.U0 3.52-05 4.66-1! 1.uu u.uu a.uo u.ou 0.00 u.00 0.00

Rki 87 0..10 7.10-08 7.10-ud 7.19-08 7.10-08 7.10-06 7010-08 7.10-U4 7.10-08 7.10-08 7.09-08 7.00-08

SR 89 U.00 5.11+01 6.23-d1 5.Bb-20 0.00 0.11G 0.00 Gobi) 0.00 0.00 0.00 0.00

SR 90 j.00 3.73+02 3.64+02 2.91+02 3.16+01 7.26-09 j0OU 0.00 0.00 0.00 0.00 0.00

Y 90 1.00 1.67+U3 1.63+03 1.31+03 1.42+02 3.26-08 0.30 0.0U 0•1)0 0.00 0.0u 0.00

Y 91 J.00 1.54+02 2.08+07 3.11-17 0.0U 0.00 j.r.)11 0 • UO 11.0U 0 • On Cl• 00 0.00

2R 93
93m

U.J0 7.78-04 7./d-J4 7.78-U4 7.73-04 7.78-U4 7.75-J4 7.43-04 4.90-04 7.67-u6 6.71-24 0.00

NB n.00 1.64_04 2.14-0 5.65-04 1.16-u3 1.1 7-u3 I.16-u3 1.11-03 7.35..04 1.15-05 1.01_23 0.00

VA 95 n.00 3.4b+U2 7.02+E0 4.23-lb U.UU 0.06 d.00 U.Uu 0.00 0.00 0.00 0.00

NB 95:1 U.i3O 1.95+06 3.97-02 2.39-17 0.00 0.00 1.00 U.UU U.OU O.U0 U.00 0.00

NB 95 ,..I.OU 6.74+02 1o43+11 8.43-15 U.OU 0.00 0.00 0.0j U.00 O.U0 0.00 0.00

TC 99 Llodll 2.28..02 2.2d..U1 2.26..02 2.28-02 2.27-u2 2.20-02 1.64-02 8.66-04 1.45-16 0.00 0.00

R0103 1.0a 6.67+00 1.12-12 1.16-27 L.OU U.Ub 0.00 0.uu 0.00 0.00 0.00 0.00

101101 16,10 9060..U1 1.61-1;3 1.67-28 0.0o 0.00 0.0U 0.10... 0.0U O.U0 0.0U 0.00

Ru106 J.(1,1

:::= 51.=
U.OU 0.00 u.OU O.UJ u.00 0.1j0 0.00 0.00

kl-1106 0.00 !2)4.= 1.11-27 0.00 0.0U 0.L0 0.00 0.00 0.00 0.00

P0107 0.0U 3.73-u6 3.73-06 3.73-06 3.73-06 3.73-1i6 3.73-06 3.69-06 3.38-06 1.39-06 1.67-10 0.00

AGI090 0.00 1.64-LJE. 9.39-9 6.15-11 0-110 0.0u a.00 0.J0 0.00 0.00 0.00 0.00

C01u9 ;)..#u 1.57-06 3.96-J9 5.V7-11 0.00 0.0D 0.0U 0.AjAl U.00 0.00 0.00 0.00

A61101 (.1.11J 1.49+UU 6.46-01 6.73-05 0.00 0.0U 0.00 O.UU 0.00 0.00 0.00 0.00

AC110 1 •110 d.31-02 3.06-2 3.76-06 U.00 U.U1 ti.ou o.uo u.ou o.uu 0.00 0.00

cu1131 0"0 1.51-u4 1.44-04 9.22-35 1.07-06 4.61-26 U.OU 0.00 0.0U 0.00 0.00 0.00

IN114M 0.00 7.3d-Ui 4.62-11 0.00 UsUU 0.1.0 0.00 U.Ou 0.00 O.UU L.00 0.00

IN114 U.01) 3.1.03-08 1.98..10 0.00 0.0u 0.AJL u.OU 0.LU U.UU 0.00 U.00 0.00

C01151 Li.u0 6.36-03 1.91-05 1.87-28 0.00 0.00 0.1jU 0.00 0.00 0.00 0.00 0.00

SNII9h J.UU 8.35-U3 3.04-J3 3.35-07 U.00 0.00 U.OU 0.00 0.00 0.00 0.00 U.00

SN1210 jeOU 1.04.16 1.03-06 9.53-07 4.19-07 1.14.10 0.00 0.00 0.00 0.00 0.00 0.00

SNI23N 0.0 1.02+00 1.35-,31 1.64-09 0.Uu O. LW 0.00 U.UU U.00 0.0n 0.00 0.00

TE123m 1.00 1.56-03 1.79-i9 6.23-13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

58129 !J.00 3.23-01 9.75-03 1.54-19 0.00 0.00 0.00 0.0u 0.00 U.U0 0.00 0.00

50125 0.00 6.95+01 5.38+01 5.34+00 4.96-10 0.00 U.00 O.UU U.00 0.00 0.00 0.00

TEI25M 0.0U 1.22+01 9.44+,10 9.37-01 3.71-11 0.0fl 0.00 U.LLI U.Up 0.00 u.00 o.uo

s14126 u.uu 1.0-03 1.0-'63 1.0-03 1.07-03 1.07-03 1.00-03 5.37-04 1.05-06 0.00 0.00 0.00

58126M (1.00 6.73-03 6.73-03 6.73-03 6.73-03 6.69-u3 6.28-J3 3.3/-03 6.58-06 0.00 0.00 0.00

Sb126 0.30 1.28-02 1.2.3-02 1.28-02 1.26-02 1.27-02 1.20-02 6.41-03 1.25..05 0.00 0• 00 0.00

TE12/A 0.00 3.12+00 3.06-1A 2.57-10 0.00 0.00 0.00 0.00 (1.00 0.00 0.00 0.00

TE127 U.U0 9.03+0j 8.86-61 7.43-10 0.00 0.110 1,00 o.uu u.uu o.uo 0.00 0.00



MGR.. SUMAF_ALL.WASJE STREAMS PROPERTIES,AFTER SEPARATION

POWER . 64.57 MW, BURNUP = 94271.MwD, FLUX. 8.05+13N/CM.92-SEC

NUCLIDE THERMAL POWER, WATTS
BASIS MT HEAVY METAL CHARGED TO REACTOR

TE129m
TE129

CHARGE
0.00
0.00

SEPARATION
3.86-01
4.52-01

1.0+00 YR
2.25-04
2.64-04

1.0+01 YR

0.00
0.00

1.0+02 YR
0.00

0.00

1.0+03 YR
0.00
0.00

1.0+04 YR
0.00
0.00

1.0+05 YP
0.00
0.00

1.0+06 YR

0.00
0.00

1.0+07 YR
0.00
0.00

1.0+08 YR
0.00
0.00

1.0+09 YR

0.00
0.00

/129 0.00 7.81-05 7,81-05 7.81-05 7.81-05 7.81-05 7.80-05 7.77.05 7.49-05 5.19-05 1.32.06 1.54.22

CS134 0.00 5.98+03 4.27+03 2.04+02 1.25-11 0.00 0.00 0.00 0.00 0.00 0.00 0.00

C5135 0,00 3.29-04 3.29-04 3.29-04 3.29-04 3.29-04 3.29-04 3.22.09 2.61-04 3.27.05 3.06.14 0.00
CS137 0.00 9.88+02 4.77+02 3.87+02 4.85+01 4.53-08 0.00 0.06 0.00 0.00 0.00 0.00
BA137m 0.00 1.10+03 1.07+U3 8.70+02 1.09+02 1.02-07 0.00 0.00 0.00 0.00 0.00 0.00
CE141 0.00 2.93+00 1.19-03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CE1411 0.00 8.61+02 3.53+02 1.16-01 0.00 0.00 0.00 0.00 0.00 0.0n 0.00 0.00

PRI49 0.00 8.14+03 3.34+03 1.10+00 0.00 O.U0 0.00 0.00 0.00 0.00 0.00 0.00

PM147 0.00 7.54+01 5.79+01 5.35+00 2.46-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PM148m 0.00 3.22-01 7.77-gy 2.16-27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PM148 0.00 1.69-02 4.08-05 0000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SM151 0.00 1.04+00 1.03+00 9.62..01 4.70-01 3.62-04 0.00 0.00 0.00 0.00 0.00 0.00

EU152 U.00 4.57-02 4.32-02 2.57-02 1.42-04 3.80-27 0.00 0.00 0.00 0.00 0.00 0.00
EU154 0.00 9.94+01 9.52+01 6.45+01 1.31+00 1.54-17 0.00 0.00 U.00 0.00 0.00 0.00
EUI55 0.00 7.20+0u 4.91+00 1.56-01 1.70-16 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EU156 0.00 3.42-u4 1.60-11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TB160 0.00 1.82-01 5.43.03 1.03-16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
60162 0.00 6.20-02 3.10-02 6.06.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TB162m 0.00 2.46-01 1.23-01 2.40-04 0.00 0.00 U.00 0.00 0.00 0.00 0.00 0.00
H0166m 0.00 1.20-06 1.20-06 1.20-06 1.14-06 6.75-07 3.74-09 0.00 U.00 0.00 0.00 0.00

SUBTOT 0.00 2.13+04 1.23+04 3.19+03 3.33+02 q.66-02 y.q2-02 2.92-02 2.45-03 1.05-04 1.90-06 7.00-08

TOTAL 0.00 2.13+04 1.23+04 3.19+03 3.33+02 4.66-02 y„42-02 2.92-02 2.45-03 1.05-04 1.40-06 7.00-08



81(7R 5UM

PO..ER =

OF ALL ::ASTE 5ThEAN5 BROPETIES AFTER 5EHARATION

64.57 HA4. ULJR4UP = 94271.4, FLUX= 8.05+138/0141.2-5EC

NUCLIDE INHALATI00 HAZARD. H.0 ,0 3 OF AIR

LIA515 = MT HEAVY METAL CHARGED T0

AT fILG

REACTCR

H 3

SE 79

KR 85

R8 b6

RB 87

SR 89

SR 90

Y 90
Y 91

ZR 93

Nh 941
zR 95

88 95M

NB 95

TC 99

R0103

RHIU3(•1

RUIU6

RH106

P0107

AG1078

CE109

A(OlOm

AG)10

CD113m

IN114m

18114

C01151.4

St.117h

58119h

SN12Im

5N123m
TEI23m

58124

50125

TE12Sm

58126

58126H

SB126

TE127h

CHA8GE

0.uí

3.00

U.00

43.41J0

J•00

0.00

0.14U

0.4JU

1)41U0

!lowl3
U.OU

3.00

'1.00

0.00

0.00

U.OU

d.0U

300L

1,.30

00130

Q.OL

JeGU

J0'11.J

0.00

0011

0.00

:1.30

0.00

'jog()
0 • ;.111

0.00

0.3U

0.00

SEPARATION

6.20+09

4• 60+08

1.97+11

3.72+06

5.44+04

7.51+13

9.46+15

9.40+13

4.04+13
1.64+09

2.31+06
6.5v+13

-1.40+03

4.67+13

1.6A+10

6.74+11

1.01+09

4.75+14

-9.5E4+04

2.'5+05

7.b7+03

2.94+11

-1.15+01

-1.14-01

9.67+03

-6.53-06

1.P8+09

-7.52+00

-8.23-04

-2.+184.u2

-5.31-01

3.35+1u
1.90+13

1.77+1[
4.9;54.ua

-9.95-01

-Y.85-01

$.0)+12

1.04- UU YR

b.H6+09

4.6100.U8

1.65+11

4.93+4Jo

5.44+04

5.78+11
9.75+15

9.26+13

5.46+11
1.64.09

3.01+0.4

1.34+1?

-2.b5+01

9.93+11
1.6d+Ij

1.13+64

1.7U+06

2. 3d+14
-4.7/4.04
2.25.05

-9.00-u6

4.50+4,3

1.0,3+11
-4.21+ 4,1

-1.09-!1 1
6.12+4:,1

-4.14-;49

5.21+06

-5.63-17

-2.LJ+Do

..6.15-1J4

-3.60+4)1

-•6•10-02

1.47+13
1.37+12

4.96+6i;

-9.8b-n1

5.56+11

1.3+01 YR

3.53+09

.4.60+08

1.04+11

0•PN
5.44+04

5.45-08

7.41+1S

7.41+13
a.17-06
1.64+09
7.94+3d

-1.71-14

5.h4-04

1.68+10

1.17-16

1.76..19

4.dU+11

2.254.01.1,

-S.09-00

2.9!,+31

1.33+07

-6.q/-02

0.0

(I.6')

S.12-17

0000

-7.1-04

1.60-00

1016+14
1.36+11

4.95+0d

4.66+0Z

1.1)+02 YR

2.21+07

4.59+09

3.22+08

H.G0

5.44+04

6.00

3.05+14

ii.uS+12

0.00

1.64+09
1.63+09

j'ij0

0.GLI

1.hb+10

0.UL

C;.10_1

b.3h-16

1.06-2

2.45+Orl

11.00

L.6u

1'•iIL
L • U

0.ijd

-3.31-04

L.00

L.0U

1.36+0k,

1.27+01
4.(i7+0B

:1.00

1.0+03 Yh

2.11-15
4.5S+Ud

2.68-17

0.J0
5.44+um

0.00
1.85+05

1.d5+03

0.130

1.6'1+09
1.64+09

0.00

0.60

1.60+1E

0.uu

0.0L

0.0(4

0.1.41J

2.2S+ull

1.1.UC;

0.00

0.00

0.00

-3.64-2j

U.Uo

O.Uri

u.LIU
0.0U

0.L0

-9.02-06

0.00

0.00

0.00

U.00

0.LIG
4.94+ub

-9.89-U1

-9.77-L1

0.00

1.0+04 Y4

0.00

4.13+08

0.00

0.00

5.44+04

0.01.1

0.00

0.00

U.00

1.63+69

1.63+09

d.nu

0.0U

0.00

1.63+1C

0.00

0.00

L.013

0.00

2.24+1J5

,.00

0.00

0.00

u.00

u.UU

13.00

u.00

0.00

0.00

0.00

u.0U

0.00

0.00

0.00

0.00

0.00

4.64+08

-9.29-01

-9.19-01

0.00

1.U+u5 Yr

0.00

1.56+0H

0.00

0..0

5.44+04

0 • uu

0.00

0.00

0.06
1.57+LI9

1.57+09

0.uu

U.Uu

0.L1L

1.21+111

0.3d

0.uu

0•UU

0.00

2.23+J5

U.UL.

0.00

L.03

0.00

0.00

0.0b

0.06

0.uu

0.00

0.00

0.01,

0.uu

0.00

0.0U

0.00
2.49+0h

-4.96-01

-4.93-01

U.uu

1.0+06 YR

6.00.

1.08+04

0.00

0.00

11.44+04

0.130

0.00
0.00

0.00

1.03+09
1.02+09

0.00

6.41+08

0.OU

0.00

0.00

0.06

[4.04+05

0.6U

6.00

0.00

0.00

0.00

0.00

u.00

0.00

0.00

u.Uu

0.00

U.00

0.00

0.00

0.00

0.00
4.87+05

9.74-04

-9.64-04

0•0U

1.0+07 Yk

0.00

0..1_1

U.00

0.00

5.44+04

0.09

0.00

0.00

0.00

1.62+07
1.07+07

0.00

0.00

0.00

1.07-04

0.UU

0.00

0.00

0.06

8.J5+04

0.00

0.00

0.00

0.00

0.00

0.4JU

0.00

0.00

0.00

0.00

0.00

U.U0

0.00

O.U0

0.00

0.00

0.00

0.00

0.u0

0.00

1.0+08 YR

U.OU

0.00

U.00

0.0a
5.43+04

U.OU

0.00

0.03

0.00

1.42-11
1.42-11

0.00

0.00

0.00

U.00

U.OU

0.00

0.00

U.OU

1.13+U1

0.00

0.00

0.00

0.00

0.00

U.OU

0.00

0.0U

0.00
0.00

0.00

0.00
0.0U

0.00

0.00

0.0u

0.00

0.00

0.00

0.0U

1.0+09 YR

0.00

0.00

0.00

0.U0
5.37+04

0.00

0.00

0.00

0.(10

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.U0

U.00

0.00

0.00

0.00

0.00

U.U0

0.00

0.00

O.U0

U.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00



HTGR SUM

P0wER m

OF ALL. WASTE STREAMS PROPERTIES.AFTER SEPARATION

64.57 MW. BURNUP ft 94271.M8D, FLUX= 8.05+13N/CM*4.2-SEC

NUCLIDE INHALATION HAZARD, Mil,f3 OF A1R AT RCG
BASIS MT HEAVY METAL CHARGED TO REACTOR

TEI27

TE129R
TEI29

1129
XEI29m

CSI34

CS135

CSI37

BA137M

BA140

LAI40
CEI41
PR143
CE144

PRI44
PH147
PM148m

PH148

SP415I
Eu152
Eu154

EUI55
EUI56

TBI60

GD162

TB162M
H0166m

SUBTOT

TOTAL

cHARGE

0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

SEPARATION
1.87+11

1.94+11
1.24+09

5.93+09
-3.91-12

1.41+15
2.26+08

5.97+14

-2.79+05
7.61+06

2.19+06

2.98+11
5.48+06

5.26+15
-1.05+06
7.31+13

-2.60+01

-2.09+00
2.99+11
6.38+09

1.21+14
2.85+12

-3.13-02
2.11+10

-1.82+01

-1.82+01
5.59+04
1.78+16

1.78+16

1.0+00 YR
1.83+10

1.11+08
7.28+05

5.93+09
-7.17-26

1.01+15
2.26+08

5.83+14
-2.73+05
1.97.02

5.66-03

1.21+08

5.19-02

2.16+15
-4.31+05

5.61+13

-6.27-02

2.96+11

6.02+09
1.16+14
1.94+12

-1.61-09
6.39+08

-9.11+00
-9.11+00
5.59+04

1.35+16

1.35+1.4

1.0+01 YR
1.54+01

0.00
0.00
5.93+09

0.00
4.80+13

2.26+08
4.74+14

-2.21+05

0.00

0000
0.00
0.00
7.09+11

-1.42+02

5.19+12
-1.71-25

0.00
2.76+11
3.58+09

7.86+13
'6.20+10
0.00
1.21-05

-1.78-02
-1.78-02

5.56+04

8.09+15

8.09+ 15

1.0+02 YR
0.00

0.00
0.00
5.93+09

0.00

2.99+00
2.26+08
5.92+13

-2.77+01

0.00
0000

0.00
0.00
0.00
0.00

2.38+02
0.00
0.00
1.35+11
1.98+07

1.59+12
6.71-05

0.00
0.00

0.00
0.00
5.28+04
8.71+14

8.74+14

1.0+03 YR

0.00
0.00

0.00
5.93+09
0.00

0.00
2.26+08

5.51+04
-2.59..05

0.00
0.00

0.00
0.00
0.00
0.00

0.0U
0.00
0.00
1.04+08

5.30-16
1.88-05
0.00
0.00
0.00
0.00
0.00

3.11+04
2.73+10

2.73+10

1.0+04 YR
0.00
0.00
0.00
5.93+09

0.00

0.00
2.25+08
0.00
0.00

0.00

0.0.9
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

1.79+02

2.66+10
2.66+1.0

1.0+05 YR

0.00
0.00
0.00
5.91+09

0.00

0.00
2.21+08
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

2.18+10
2.18+10

1.0+06 YR

0.00
0.00

0.00
5.70+09

0.00

0.00
1.79+08

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0..00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
8.58+09

8.58+09

1.0+07 YR

0.00
0.00
0.00
3.95+09
0.00

0.00
2.29+07

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.00+09
1.00+09

1.0+08 YR

0.00
0.00
0.00
1.01+08

0.00

0.00
2.10-02
0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.01+08
1.01+08

1.0+09 YR

0.00

0.00
0.00
1.17-08

0.00

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
5.37+01
5.37+09



h

SE

KR

RH

Hr

SH

SR
Y

Y

LK

NO

hiTGR 500 JF ALL i.A5TE 51-ItEAA5 2r;UPERT1E5 AFTER SEPARAT10k

= 64.57 MAI, PLhi0L1H = 94271.0A0, FLUX= 4.05+13,i/CH*Aw2-SEC

AUCL10E INL.EST1014 HAZARD. 0,6+3 0E :4 ATER AT hCG

6.4515 m NT HEAVY NETAL C8A:r4GLL TO REACTOk

3

79

uS

86

87

89

90
90

91
93

93H

Lk 95

AO 9Sm

NB 95

TC 99
Ru103

RH10311
RU1J6

RH1U6

P0107

AG1U9i4

C1,109

AG110A

AG1 lO

CD113t!
j 0114 tl

1 1,4 1 1 4

C01150
SIA117m

5N119m

5141211

5111231

TE 123m

SH124

50125

1E1250

Sk126

5t31264

50126

TE127t1

CNIOyt,L

j.:3U

0.00

0•UU

O.U0

U.u0

J.G0

0.00

0.U0

L1000
A.00

j800

U8.30

0foc10

1.00

j.1.1U

U•bg

0.00

Oe'oU

Jou0

0060

11•00

0.60
0.0AU

J•j0

001.11.1

G.00

0800

0 • h0

U801)

U0UU

AeOU

3.00

0.0u

O.Lu

0.00

0.0U

0.00

0.00

SEFANATION

4.13+05

4.6U+02
-5.92+04

3.1Z+02

1609+1.41

74S1+09

9.46+11
1.42+10

1.4S+u9

6.21+03

2.31+03

1.16+4/9
-1.40+03

1.4U+U9
1.66+w,

2.53+07

2.03+U5

9.50+09

-9.50+04
4.49+01

-1.57-0S
7.07-02

2.94+06

-1.15+01

-1.1 4-01

3.38-ul

-6.53-06

6.25+04

-4.00-09

-7.92+03

-8.23-04

-2.66+02

1.17+06

1871+08

7.09+U7
2.49+03

..9e9b..01
•.9.65-01

1.13+U8

180+0U YR

3.90+05
4.60+02

-5.55+04

4.93-J4

1.09+00

5.76+07

9.25+11

1.39+10

1.82+37

8.20+03

3.01+J3

2.24+J7

-2.85+01

2.98+u7

1.66+;js

4.244+ 11

3.39+,12
4.7 /1-.19

-4.77+u4
4.49+01

-9.0U-06

4.50-02

1.08+06

-4.21+4)0

-1.09-Al
2.14-03

-8.14-08

1.74+02

-5.63-17

...2•80+0d

-8.1-04
_3.80+11 1
-6.10-02

1073+04
1•33+da

5.49+q7

z.49+03

-9.95-01
-9.85-01

1.11+07

1.0+01 Yh

2.35+05

4.60+02

-3.12+04

0.00

1.09+00

5.457.12

7.41+11

1.11+10

2.72-10

e.4.20+03

7.94+33

1.3-043

-1.71-14

1.75-05

1.6"U5

4.41-21

3.53-23

9.61+06

-9.61+31

4.49+01

+5889-j0

1833+02

-6.197.-a2

0.0U
0800

1.71-21

0.00

-3.17-04

-7.51-04

-4.63-07

-2.14-10

5.61-13

1.32+0/

5.45+06

2.49+03

-9.95-01
-9.85-01

9.32-03

1.0+32 YR

1.48+03

4.59+02

-9
.67+01

U.OU

1.09+u0

0.00

6.0+10
1.21+09

0.00

682,1+03
1.63+04

0.00

0.00

0.00

1.60+05

0.00

J.do
1.06-2U

-1.09-25

4.49+01

.J.t1U

0800

0•01-1

0.00

-4.10-04

0.00

C.00

(4.00

U.4/0

0.00
-3.31-04

0.0u

0.00

08G0

1.22.+03

5o06..04
2o49+03

..9•95.-01
-9•65.01

080U

1.3+03

1.40-1,7

4.55+0z

-8.u4-24

0.00

1.09+00

0.00

1.85+01
2.27-01

0.00

6.2:+03

1.64+u4

0.00

0800

Oe0A
1•60+05

0800
114,00

UeOU

0.140
4.49+01

0.0t./

0.00

O.U0
0.00

-3•64..Z3

0.03

3•00

JoUO

0.00

-.9•02..0/3

08(W

U.UU

0.0U

U.00

2.47+U3

-9.89-61
-9.79-ul

0.u0

1.0'04 YR

0.00

4.13+U2

0.jd

0.0u

1.09+00

0.00

0.00

0.00

U.00

d.1 7+03
1.63+u4

O.00

O.00

U.OU
1.63+05

c.00

u.OU

J.JU

J.OU

4.49+Ul

0.00

3.00

j4,03

0800

080U

J.011

joOD

0.30

U.,00

0+00
J.00

0.00

U.00

Jo00

04000

0.00
2.32+03

-9829-01

0.0U

1.0+05 YR

J.U0

1.58+02

0.00

0.u0

1.09+00

O.UU

0.00

0.00

O.UU
7.8.1+03
1.57+0y

O.LJU

0.60

0o0U

16:41+05

0000

0,POU

0800

4.46+01

0800

0.0U

0.000

0.UU

0800

0•10

0800

04,00

0.00

04.0U

0.'00

0000

0.,10

080U

0800

1.29+03

-4.98-01

-4.93-U1

0.00

1.0+06 YR

0.00

1.08-02

0.uu

0.00

1.09+30

0.00

0.00

0.00

U.00

5.17+03

1.03+04

0.00

0.00

0.00

6.41+03

0*CW

0.00

0.00

u.110

4.07+01

0.00
0.00

0.00

0.00

0.00

0.00
0.00

0.00

u.00

0.00

u.00

0,000

0•UU

0800

0.00

0000

2843+00

-9.74-04

-9.64-04

0.00

1.0+07 YR 1•0+08 YR 1.0+09 Yk

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

1.0+00 1.09+U0 1.07+00

0.00 0.00 0.00

0.00 0.00 0.u0

0.uo 0.0u 0.00

0.00 0.00 0.u0

8.06+01 7.08_17 0.00

1.62+02 1.42-16 0.00

0.00 u•00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

1.J7-09 0.00 0.00

0.00 0.00 0.00

0.00 U.00 00L0

0.00 0.00 0.00

0.00 0.00 0.00

1.62+01 2.26.03 0.00

0.00 11.00 0.00

0.00 0000 0000

0.00 0800 0.00

UsUO 0.00 0.00

0800 0.01J 0800

0.00 0.00 0.00

0800 0.00 0.00

O.UO 0.00 0.00

0.00 j.00 0.00

0.un 0.00 0.un

0.00 u.OU 0.00

0.00 0.00 0.00

0.00 0.0a 0.U0

0.0n 0.00 0.00

0.u0 0.00 0.00

0.00 0.00 0.00

0.00 0.0U 0.00

0.00 0.00 0.00

0.00 U.00 0.00

0.00' 0.00 0.00



HTGR SUM OF ALL WASTE STREAMS PROPERTIES AFTER SEPARATION

POINER

CHARGE
E127 0.00
E129ti 0.00

E129 0.00
1127 0.00
E129,1 0.00

E1010 0.u0

5134 0.00

513:2 0.00
5136 0.00
5137 0.00
A137m 0.00

A140 0.00

A1413 J.00
E14 1 0.00

R143 0.00
E144 0.q0

R144 0.00

0147 0.10
M147 0.00

m148m q.u0
M148 0.00
H151 0.00
U152 0.00

'U154 0.00
0155 0.00

U156 3.00
8160 0.00
;0162 0.00

I13162M 0.00

10166M 0.00

i08TOT 0.00

TOTAL 0.00

64.57 MN. BURNUP =

SEPARATION

2.80+07

9.71+06
1.56+06

1.98+u6

-3.94-12
-7.78_us

6.27+1L
6.78+03

1.11+01

1.49+10
-2.79+0S

3.01+02

4.38+02
1.65+07

6.58+02

1.u5+11
-1.05+06

2.67+00

7.31+08

-2.60+01
-2.09+00
1.49+06

3.19+04
6.06+08

4.27+07

-3.43-02

5.35+05
-1.82+01

-1.82+01

2.24-03

1.17+12

1017+12

94271.MWD. FLUX= 8.05+13N/CM.1.2-SEC

1.0+00 YR

2.75+06
5.68+03

9.10+01

1.98+06
-7.17-26

-3.76-14
4.47+10

6.78+03
3.88-08

1.46+10
_2.73+05

9.83-07
1.13-06

6.70+u3

6.23-06

4.31+10

-4.31+05

3.34-10
5.61+08
-6.27-02

-5.04-03

1.98+06
3.01+04

5.80+08
2.92+07

-1.61-09
1.60+04

-9.11+00

..9.11+0D
2.24-c3

1.05+12

1005+12

NUCLIDE INGESTION HAZARD, M**3 OF *ATER AT RCG
BASIS = HT HEAVY METAL CHARGED TO REACTOR

1.0+01 YR 1.0+02 YR 1400+03 YR
2.30-03 0.00 0.00

0.00 0000 0.00

0.00 0.00 0.00

1.913+06 1.98+06 1.98+06

0.00 0.00 0.00

0.00 0.00 0.00
2.13+09 1.31-04 0.00
6.78+03 6.78+03 6.77+03

0.00 O.DU O.UU

1.18+10 1.46+09 1.39.00

-2.21+D5 .2,77+09 -2.89-05

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 u.00 0.00

1.42+07 0.01, 0.00

-1.42+02 0.00 0.00

0.00 0.00 0.00

5.19.07 2.38-03 0.00

-1.74-25 0.00 0.00

0.00 0.00 0.00

1.38+06 6.74+05 5.19+02
1.79+04 9.90+01 2.65-21
3.93+08 7.97+06 9.38.11

9.29+05 1.01-09 0.00

0000 0.00 0.00

3003-10 0.00 0.00

-1.78-02 0.00 0.00

-1.78-02 0.00 0.00

2. 22-03 2.11-03 1.26.-Ó3

7.67+11 8•32+10 2.18+06

7.67+11 8.32+10 2.18+06

1.0+04 YR 1.0+05 YR

0.00 0.00

0.00 0.00

0.00 0.00

1.98+06 1.97+06

0.00 0.00

U.00 0.00
0.00 0.00

6.76+03 6.62+03

0.00 0.00
0.00 0.00
0.00 0.OU

0.00 0.00

0.00 0.00

U.00 0.00
0.00 0.00

u.OU 0.00

0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.0U

0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00

0.00 0.00

6.9Š-06 0.00

2.17+06 2.12+06

2.17+06 2.12+06

1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0409 YR

0.00 0.00 0.00 0.00

0000 0.00 0.00 0.0D

0000 0.00 0.00 0.00

1.90+06 1.32+06 3.36+04 3.91-12

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0000 0.00 0.00 0.00
5.38+03 6.73+02 6.29-07 0.00

0.00 0.00 0.00 0.00

0.00 O.UO 0.00 0.00
0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0..00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0000

0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

1.93+06 1.32+06 3.36+04 1.074.00

1.93+06 1.32+06 3.36+09 1.07+00



APPENDIX 2.F

AI-LMFBR PLANT WASTE

(Power 49 MW/MT, Burnup 37,112 MWD/MT,
Spent Fuel Processed 90 Days After
Discharge with 0.5% Fuel Loss to Waste)



2.F.1 BNWL-1900

AI-LMFBR PLANT WASTE

Summary Tables



TFERMAL powER

WATTS PFR METRIC TON OF FUFL

TIME,YEARS 0 I 10 100 5(10 1000 ,n0E+04 1.00E+05 1.00E+06 1.00E+07 1 .00 E+OR 1 .00 F.+09
AFTER YR 2000

cLA DDI NG 6.S9E+03 9.11 E+02 I .64E4-01 1.40E-02 6.pr,E-04 1 .8E-05 5.49E-35 .00 E4-00 F:+no .noE+oo .00E+00 .00E+00

STRONTIUM 1.25E+03 3,39E+02 2.66E+02 2.89E+01 1.50E-03 663F-0° .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00F+00
CESI 9.37E+02 S.44E+02 5.39E+02 6.63E+01 7.09E-03 6.14F-04 6,13E-04 6.00E-04 4.87E-047 6.10E-05 5.79E-14 .00F.+00
5R-4-CS 2.19E+03 1.18E+03 P.04E+02 9.52E+01 8.59E-03 60 AE-04 6.13F-04 6.00E-04 4.S7E-04 6.10E-05 5.79E-14 .00E+00
FP-SR-CS 3.43E+04 1.02E+04 5.138E+01 4.62E+00 1.97E-01 1.64E-02 1 .P5E-02 9.03E-03 5,95E-04 2,71E-05 4.31E-07 5.41E-23
RRS5+IIP9 1.37E+01 1.211E+01 7.22E+00 2.?7E-02 2.52E-05 2.52F-05 2.51 E-05 P.51E-05 2 .4? E-05 1.67E-05 4.30E-07 5.41E-23
FISsI (01 PRIX). 3.65F+04 1.14E+04 8,63E+02 9.98E+01 2.06E-01 1.71 r.-0? 1.32F.-02 9.63E-03 1.08E-03 8.81E-05 4.31E-07 5.41E-23

TH WASTE I .97E-03 1,97E-03 1,9SE-03 1.97E-03 1.96E-03 1.96E-03 1.9PE-03 1 .5sE-03 4.P2E-04 3.83E-04 3.69E-04 3.20E-04
PU FUEL WASTE 1,15E+01 1.17E+01 1,24E+01 I .??E+ni 9 .P4E+00 P .02E+00 3.17E+00 6.36E-02 ?.25E-02 1.42E-02 1.15E-03 5,34E-05
IRA NS P 11 3.46E+03 R.69E+02 1.57E+02 1.04E+02 5.19E+01 2.44E+01 1.3)1E+00 3073E-01 2.05E-Ot 1.10E-0P F-04 4,51E-05

TOTAL WASTE 4.69E+04 1.32E+04 1.05E.+03 p.16F+0p 6.13E+01 3.24E+01 4.56E+00 4.18E-01 P.29E-01 P.7F-02 1.63F-03 4.19E-04

RA DI 'WTI VI TY

CURIES PER METRIC TON OF FUEL
(PARFNTS AND DA WINTERS I N CHAINS ARE I NCLUDF.D I N ToTALS)

TImE,YEARS o I t o 100 50D 1000 1.00E4-04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 .onE+op
AFTFR YR 2000

cLADDI NG 5.91E+05 1.04E+05 9.30E+03 9.35E+01 1.02E+01 5.96E+00 5.42E+00 ?.48E+00 1.01E-03 1.28E-37 .00E+00 .00E+00

STRONTIUM 3.49E+05 9.41E+04 7.38E+04 S.0PF+03 4,17E-01 I .S4E-06 .00E4-00 .00E+00 .00E+00 .OoF.+00 .00E+00 .00E+00
CESI UM 2.77E+05 2.64E+05 2.00E+05 2.50E+04 3.70E+00 1.26E+00 1.26E+00 I .23E+00 1.00E+00 1.?6E-01 1.19E-10 .00E+00
SR+ CS 6.26E+05 3.58E+05 2.74E+05 3.30E+04 4.12E+00 I a6E+00 1.26E+00 1.23E+00 1.00E+00 1.26E-01 1.19E-10 .00E+00
FP-SR-CS S.03E+06 2.37E+06 4.07E+04 2.59E+03 1.26E+0? P.22E+Ol 1.96E+01 1.45E+01 1 .8f1E+00 1.40E-01 6,67E-04 8.22E-?0
K1385+1129 P.43E+03 7.90E4-03 4.44E+03 1.40E+01 3.82E-02 3.82E-02 3.P2E-02 3.81 E-0? 3.67E-02 2.55E-02 6.54E-04 8.22E-20
FISSI ON PROD, P.66E+06 2.73E+06 3.15E+05 3.56E+04 1.30E+02 2.34E+01 2,08E+01 1.57E+01 ?.11RE+00 2.66E-01 6.67F-04 P .??F.-?0

U.- TH WASTE 1.21E-01 1.22E-01 1.23E-01 1.21E-01 1.19E-01 1.19E-01 1.17E-01 9.63E-02 3.07E-02 2.49E-0P ?.42E-0? ?.I 0E-02
PU FUEL WASTE 2.R6E+03 2.74E+03 1.90E+03 2.74E+0? 1.30E+02 7.95E+01 2.37E+01 1.65E+00 2.07E-01 2.18E-02 8.18E-03 3.25E-03
TR A NS P U 9.7RE+0A 2.75E+04 8.09E+03 6.04E+03 3.05E+03 1.40E+03 4.80E+01 1010E+01 1.13E+01 6.06E-01 6.64E-03 2.74E-03

TOTAL WASTE 9.35E+06 2.94E+06 3.34E+05 4.20E+04 3.32E+03 1.51E+03 9.81E+01 3.80E+01 1.44E+01 9.19E-01 3.97E-02 2 .70E-0?

-n

0
0
6
 L
-1
1,
1N
9 



INGESTIoN ToXICITY

THE INGESTION ToXICITY INnEX IS THE BASE 10 LOGARITHM OF THE
CUBIC METERS oF WATER PER ToN oF FUEL TO DILUTE TO RCG

TIME.YEARS 0 1 10 100 500 1000 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+0p 1.00E+09
AFTER YR 2000

CLADDING 9.71 R.39 7.20 6.47 5.24 4.47 4.43 4.09 .70

STRONTIUM 11.38 11.19 11.09 10.13 5.84 .49
CESIUM 9.96 9.91 9.71 8.80 4.87 4.10 4.10 4.09 4.00 3.10 -5.92
SR+CS 11.40 11.21 11.11 10.15 5.89 4.10 4.10 4.09 4.00 3.10 -5.92
FP-SR-CS 11.40 11.01 8.51 6.90 6.00 5.87 5.86 5.85 5.79 5.63 4.04
KR85+1129 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.79 5.63 4.04
FISSION PROD. 11.70 11.42 11.11 10.15 6.25 5.87 5.87 5.85 5.80 5.63 4.04

Ul-TH FUEL WASTE 5.55 5.55 5.55 5.55 5.55 5.55 5.54 5.45 4.90 4.80 4.79 4.73
PU FUEL WASTE 7.63 7.63 7.65 7.59 7.32 7.16 6.79 6.16 5.10 3.56 3.28 2.89
TRANS PU 9.75 9.32 9.04 8.90 8.60 8.28 7.23 6.93 6.41 5.07 3.20 2.82

ToTAL WASTE 11.71 11.43 11.11 10.17 8.62 8.31 7.38 7.04 6.53 5.78 4.88 4.74

  TOXICITY INDEX IS LESS THAN -10
RCG IS RADIoNUCLIDE CoNCENTRATIoN GUIDE BASED upoN 10 CFR 20

INHALATION TOXICITY

THE INHALATION ToXICITY INDEX IS THE RASE 10 LoGARITHm OF THE
CUBIC METERS oF AIR To DILUTE TO RCG PER METRIC TON OF FUEL

TImE.yEARS 0 1 10 100 500 1000 1.00E0-04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09
AFTER YR 2000

CLADDING 14.52 13.02 12.04 10.64 9.39 8.47 8.43 8.09 4.70 ***** ***** *****

STRONTIUM 15.3R 15.19 15.09 14.13 9.84 4.49 *****
CESI UM 14.50 14.46 14.30 13.40 9.46 8.62 8.62 8.61 8.52 7.62 -1.40
SR+CS 15.44 15.26 15.16 14.20 9.99 8.62 8.62 8.61 8.52 7.62 -1.40
FP-SR-CS 16.10 15.71 13.51 12.17 10.81 10.11 10.06 9.95 9.43 9.11 7.51 -8.39
KR854/129 10.48 10.45 10.22 9.29 9.28 9.28 9.28 9.28 9.26 9.10 7.51 -8.39
FISSIoN PRoD. 16.18 15.84 15.17 14.20 10.87 10.12 10.07 9.97 9.48 9.12 7.51 -R.39

tR-TH FUEL WASTE 11.05 11.05 11.05 11.05 11.05 11.05 11.04 10.95 10.41 10.31 10.30 10.24
PU FUEL WASTE 15.49 15.48 15.44 15.25 14.97 14.89 14.59 13.31 11.63 10.56 10.36 9.97
TRANS PU 16.65 16.51 16.43 16.26 15.90 15.57 14.50 13.89 13.59 12.33 10.28 9.90

TOTAL WASTE 16.80 16.62 16.49 16.30 15.95 15.65 14.85 13.99 13.60 12.34 10.79 10.54

  TOXICITY INDEX IS LESS THAN -10
RCG IS RADIONUCLIDE CONCENTRATIoN GUIDE BASED UPON 10 CFR 20

0
0
6
 L
-1

M1
49

 



2.F.4 BNWL-1900

AI-LMFBR PLANT WASTE

Actinides



81 FC4.406-ON PROFTRTIES AFTER SEFARATION

PU0ER = 49.27 hw, BURNUP = 3711201';.Q. FLUX= 2.32+15N/C1.000.2-SEC

NUCLIDE CONCENTRATIUN5 1 GRAMS
80,515 = MT HEAVY METAL CHARGED TO

CHARGE SEPARATIUN 1.0+00 YR 1.0+01 Yk 1.0+02 YR 1.0+03 YR 1.0+04 YR

REACTOR

1.0+05 YH 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09 YR

HE 4 0.30 2.05+00 2.45+00 2.90+00 5.70+00 1.77+01 2.61+J1 3.88+01 7.65+01 I.86+U2 2.08+02 3.22+02

TL208 0.00 2.78-11 1.98-11 1.62-12 4.32-13 7.48-17 2.05.18 4.68-17 4.88-16 4.32-15 1.62-14 1.64-14

PB206 0.00 5.0U-I3 1.07-12 5.36-11 2.41-08 5.24-U5 3.31-U2 3.71+00 4.12+01 5.04+01 1.02+02 5.78+02
PB207 0.00 5.21-11 1.12.10 1.93-09 7.46-08 1.0R-U6 4.26-05 1.73-02 4.95-01 5.33+00 5.14+u1 3.45+02

Ph266 U.00 8.37-u6 1.61-05 3.49-05 5.57-05 7.03-05 7.03-u5 7.11-US 1.50-04 7.42-63 3.78-01 5.30+00
PB210 0.00 1.69-11 3.14-11 4.20-10 2.07-08 5.20-U6 2.45-04 1.93-03 3.65-04 1.78.05 1.75-05 1.52.05
PB212 O.UU 1.62-06 1.15-.08 9.41-10 2.51.10 4.34-14 1.19-15 2.72-14 2.84-13 2.51-12 9.40-12 9.52.12
131209 0.oU 4.43-u9 4.51-09 5.14-09 1.73-08 I.05-U5 1.69-02 5.79+00 2.38+02 1.04+03 1.09+U3 1.09+03

81212 J.UL1 1.54_09 1.10-09 8.96-11 2.39-11 4.14-15 1.13-16 2.59-15 2.70-14 2.39-13 8.96-13 9.07-13

RH220 0.00 2.46_11 1.75-11 1.43-12 3.82-13 6.62-17 1.81-16 4.14-17 4.32-16 3.82-15 1.43-14 1.45-14

RA223 0.00 2.0S-12 3.74-12 1.55-11 4038_11 5.90-11 4.97.10 1.79-06 2.62-08 2.59-08 2.38-08 9.87-09
RA224 0.00 1.41-07 1.00-07 8.19-09 2.19-09 3.78.13 1.04-14 2.37-13 2.47.12 2.19.11 8,19.11 8.29.11
RA225 0.00 9.17-12 4.36-12 4.47-12 1.59-11 2.22-09 3.09-07 7.58-06 1.70-05 8.69-07 2.08-19 0.00

RA226 L.1.60 2.98-Jd 4.66-08 2.0)-07 2.67-06 4.27-04 2.01-02 1.58-01 3.00.02 1.46-03 1.44-03 1.25-03
AC22S 0.00 1.21-11 2.94-12 3.02-12 1.08-11 1.56-09 2.08-07 5.12-06 1.15-05 4.87.u7 1.40-19 0.00
AC227 0.00 1.56-09 2.63-09 1.c9-08 3.44-06 4.16-06 3.50-67 1.26-05 1.84-05 1.83-05 1.67-05 6.95.06

TH227 U.nu 3.313-12 6.00-12 2.48-11 7.82-11 9.45-11 7.97.10 2.87-08 4.19.08 4.16-04 3.81-08 1.58.08

TH228 0.9u 2.77-05 1.94-05 1.59-06 4.26-07 7.38.11 2.02-12 4.62-11 1.82-10 4.27-09 1.60-08 1.62-08
TH229 0.00 7.99-07 7.99-07 4.20-07 2.92-06 4.03-04 5.66-02 1.39+00 3.12+00 1.59-01 3.81-14 0.00
TH230 1.00 1.98-03 1.95-13 2.05-03 5.24-03 1.24-01 1.31+0m 6.03+00 1.52+00 7.41-02 7.30-02 6.36-02

Th231 "1.90 5.17-09 2.59-11 2.62-11 2.94-11 6.25-11 4.31-10 2.38-09 2.54-09 2.51-09 2.30-09 9.57-10

TH232 o.00 1.1U-04 1.11-04 1.12-04 1.32-04 4.81-04 1.52-U2 3.47-01 3.62+00 3.20+01 1.20+U2 1.21+02
TH234 0.00 1.24.05 6.23-08 6.19-08 6.19-08 6.19-08 6.19-08 6.20-U8 6.22-08 6.2I-U8 6.13-06 5.34-08

PA231 3.00 5.44-05 5.44-05 5.45-05 5.49-05 6.36-L5 5.36-04 1.93.02 2.82.02 2.80-02 2.56-02 1.06.02

pA233 U.U0 9.07-U6 9.16-06 9.62-06 1.40-05 3.57-05 4.23-05 1.11-05 3.07-05 1.67-06 3.67-19 0.00
PA234m J.00 4.18-10 2•10-12 2.09-12 2.09-12 2.09-12 2.09-12 2.G9-12 2.10-12 2.10-12 2.07-12 1.80..12

u232 .1.00 1.55-0!;, 2.07-U5 3.55-05 1.59-05 2.75-09 0.00 0.00 0.00 0.00 0.0U 0.00
0233 0.00 b.44-05 1.78-04 9.58-04 1.08-02 2.38-01 3.69+1)0 3.13+01 7.04+01 3.60+00 8.57-13 0.00
u234 2.80+U2 1.32+0U 1.46+U0 3•66+OU 2.08+01 5.05+U1 4.96+U1 3.86+01 3.30+00 2.33-01 2.29-01 2.00-01
u235 1.84+03 6.40+00 6.41+00 6.49+OU 7.28+00 1.54..u1 1.07+02 5.87+U2 6.27+02 6.22+02 5.70+02 2.37+02

0236 1.43+03 6.95+00 6.96+00 7.07+00 8.16+00 1.89+01 8.56+01 1.29+U2 1.26+02 9.70+01 7.14+1.10 3.31-11

u237 0.0U 2.47.06 7.85-07 5.15-07 7.62-09 1.07-11 5.47-12 6.79-15 0.00 0.00 11.00 0.00

u238 9.08+05 4.31+03 4.31,03 4.31+03 4.31+03 4.31+03 4.31+03 4.31+03 4.32+03 4.32+03 4.26+03 3.71+03

NP237 U.U0 2.64+02 2.66+02 2.79+02 4.07+02 1.04+03 1.23+03 1.19+03 8.92+02 4.64+01 1.06-11 0.00

NP239 0.00 2.24-04 2.24-04 2.24-04 2.22-04 2.05-04 9.06-05 2.61-08 1.32-14 9.07.15 2.17-16 0.00
Pu236 9.18-03 2.56-U5 2.01-05 2.25-06 7.04-16 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PU238 1.62+03 5.93+00 2.69+Ll 3.11+01 1.95+01 1.28-01 4.71-32 0.00 0.00 0.00 0.00 0.00

PU239 5.24+04 3.15+02 3.15+02 3.16+02 3.18+02 3.31+02 3.74+02 4.12+01 5.03-08 3.44-U8 8.21-10 0.00

puvio 2.12.04 1.09+02 1.10+02 1.14+02 1.23+U2 1.13+U2 4.48+01 4.40-03 0.110 0.60 0.00 0.00

PU241 9.34+03 2.66+01 2.55+01 1.68+01 2.48-01 3.4E.04 1.78-04 2.21-07 1.91-36 0.00 0.00 0.00



A1_FOLL0W7.0N PP0PERTJE.S_AFTER SEPARAIION

POWER 2 49.27 MW, BURNUP • 371120MWD, FLUX* 2.32+15N/CM4.02+SEC

NUCLIDE CONCENTRATIONS, GRAMS
BASIS MT HEAVY METAL CHARGED TO

CHARGE SEPARATION 100+00 YR 1.00+01 YR 1.0+02 YR 1.0+03 YR 100+04 YR

REACTOR

100+05 YR 1.0+06 YR 1.0+07 YR
PU242 3.40+03 1.74,01 1.74+01 1.075+01 1068+01 2.13+01 2.10+01 1.76+01 3.43+00 2.45+07 0.00 0.00
AM24I 4.89+02 9.57+02 9.67+02 9,52+02 8.39+02 1.99+02 5.32-03 6.47.06 0.000 0.00 0.00 0.00
AM242m 0.00 2.22+01 2.21+01 2.13+01 1.41+01 2.33-01 3.52-19 0.00 0000 0.00 0.00 0.00
AM242 0.00 2.67..04 2.66+04 2.55-04 1•69.0m 2.80+06 4.23.24 0.0U 0.00 0.00 0.00 0.00
AM243 0000 227itO; 2.71+9.2 2.71+02 2.69+02 2.4e+02 1.10+02 3.15+02 1.59-0e 1.10+0e 2.62_10 0.00
CM242 0.00 2.72+01 5.80+00 S.I2-02 3.39+02 5.61-04 0.00 0.00 0.00 0.00 0.0D 0-4D-
cm243 0.00 2.03+00 1.49+00 1.64+00 2.33-01 7.9910 0.00 0.00 0.00 0.00 0.00 0.0o
cm244 0.00 1.57+01 1.51+01 1.07+01 3.41+01 3.70+16 0.000 0.00 0.00 0.00 0.00 0.00
:m24S 0.00 2.40-01 2.40+01 2.39-01 2.38+01 2.22+01 1.14-01 1.41+04 1.22-33 0.00 0.00 0.00
:m246 0.00 4.10..03 4,10+03 4.10+03 4.05+03 3.62.03 1.16+03 1.32-08 0.00 0000 0.00 0.00
:M2417 0.00 3,60+05 3,60-05 3.0613+05 3.68+0S 3.68-05 3.68.05 3.67-05 3.53.05 203..05 5031-07 3.50-23
SUBTOT 1.00+06 6.36+03 6.36+03 6•36+03 6.36+03 6.36+03 6.36+03 6.41+03 6.41+03 601+03 4.4i4-03
TOTAL 1.00+06 6.36+03 6.36+03 6.036+03 6.36+03 6.36+03 6.36+03 6.41+03 6..41+03 6011+03 6014.03 601+03



AI FOLL00-(M PROPE101E5 AFTER SEPARATION

POINER =

CHARGE

49.27 Mh, BURNUP = 37112.00, FLUX= 2.32+15N/Cm,0102-5EC

NUCLIDE RADIOACTIVITY, CURIES

8A515 = hT HLAVY METAL CHARGED TO

SEPARATION 1.0+00 YR 1.0+Li1 Yh 1.0+02 YR 1.0+03 YR 1.0+04 YR

REACTOR

1.0+06 YR 1.0+06 YR 1.0+02 YR 1.0+08 YR 1.0+09 YR

TL2O7 0.00 1.05_02 1.92-07 7.92-07 2.50-06 3.02-06 2.55-65 9.17-04 1.34.03 1.33-U3 1.22-03 5.06-04

TL2U8 a.c0 6.12-03 5.76-03 4.72-04 1.26-04 2.16-08 5.97-10 1.37-08 1.42-02 1.26-06 4.72-06 4.78-06

TL2U9 0.00 1.6t4-08 3.76-09 3.L6-09 1.36-08 1.92-06 2.66-J4 6.64-03 1.47-02 7.b0-04 1.79-16 0.00

pp209 0.00 2.03-02 1.71-U7 1.75-07 6.25-07 8.22-us 1.21-02 2.97-01 6.67-01 3.41-02 8.16-15 0.00

P6210 0.06 1.32-0y 2.55-09 3.41-08 1.66-06 4.22-04 1.98-02 1.56-01 2.96_02 1.44-03 1.42-03 1.24-03

P82I1 0.00 1.05-07 I.9i-07 7.95-07 2.51-06 3.03-06 2.56-U5 9.19-04 1.34-03 1,33-03 1.22-03 5.07-04

P8212 0.00 2.26-02 1.61-02 1.31-03 3.50-04 6.06-148 1.66-09 3.60-04 3.96-07 3.50-06 1.31-05 1.33-05

P8214 O.U0 2.92-0e 4.61-U8 1.9e-07 2.64-06 4.22-04 I.98-u2 1.56-01 2.96-02 1.44-03 1.42_03 1.24-03

8121u 0•00 1.35-09 2.55-u9 3.4t-08 1.60_06 4.22-04 1.98-02 1.56-01 2.96-02 1.44_03 1.42-03 1.24-03

81211 0.00 1.05-07 1.92-47 2.95-02 2.51-(16 3.03-06 2.56-05 9.19-04 1.34-03 1.33-03 1.22-03 5.07-04

hI212 1.00 2.26-02 1.61-02 1.31-03 3.50-04 6.06-06 1.66-09 3.60-06 3.96-07 3.50-06 1.31-05 1.33-05

b1213 0.00 7.0-07 1.71-37 1.25-07 6.2E)-07 8.72-65 1.21-02 2.97-01 6.67-01 3.41-02 8.15-15 0.00

41214 0.00 2.92-08 4.61-h 1.96-0/ 2.64-06 4.22-04 1.98-02 1.56-01 2.96-02 1.44-03 1.42-03 1.24-03

P0210 0.00 9.83_i0 1.89-9 3.41-06 1•60-06 4.22-04 1.96-02 1.56-01 2.96-02 1.44-03 1.42-03 1.24-03

P0211 0.00 3.15-10 5.77-10 2.38-09 2.53-09 9.10-U9 7.67.0b 2.76-06 4.03-06 4.00-06 3.66_06 1.52-06

P0212 0.30 1.44-02 1.03-L2 8.40-04 2.24-04 3.88-u8 1.06-09 2.43-06 2.53-07 2.2+-06 8.39-06 8.50.06

P0213 6.7-07 1.67_j7 1.72-07 6.11-07 6.53-05 1.18-U2 2.91-01 6.53-01 3.33-02 7.97-15 0.00

P0214 0.-30 2.5'2.0d 4.61-,6 1.96-07 2.64-06 4.22-04 1.98-U2 1.56-01 2.96-02 1.44-03 1.42_03 1.24-03

p0215 U.u0 I.u.j7 1.92-07 7.95-07 2.51-L6 3.03-06 2.56-05 9.I9-U4 1.34-03 1.33-03 1.22_03 5.07-04

Po216 0.00 2.26-02 I.61-C2 1.31-03 3.5u-04 6.06-0h 1.66_09 3.60-08 3.96.07 3.50-06 1.31-05 1.33-05

PuZ18 0.00 2.92_08 4.61-08 1.9d-07 2.64-06 4.22-04 1.96-02 1.56_01 2.96-02 1.44_03 1.42-03 1.24-03

AT217 0.60 7.c3-07 1.71-07 j.75-07 6.24-07 8.72-05 1.21-02 2.97-01 6.67-01 3.41-U2 8.15-15 0.00

11N219

kN22U

0•01,

u.L0

1.05-07

2.26-02

1.92-67

1.61-L2

7.95-07

1.31-03

2.51-06

3.50-04

3.u3-06

6.0h-08

2.56-05

1.66-09
9.19-04
3.60_08

1.34-03

3.96-07
1.33-03

3.50-06

1.22.03

I.31-U5

5.07-04

1.33-05

RN222 4.00 2.92_08 4.61-66 2.64-06 4.22-04 1.96-02 1.56-01 2.96-02 1.44-U3 1.42-03 1.24-03

FR22I O.Ou 2.03-07 1.71-U7 1.75-07 6.25-07 8.22-05 1.21-02 2.97_01 6.67-01 3.41-02 8.15-15 0.00

FR223 4.Ju 1.59-09 2.69-G9 1.11-06 3.51-08 4.24.08 3.58_07 1.29_05 1.88-05 1.67-05 1.21-05 7.10-06

kA223 1.05-07 1.92-07 7.95-07 2.51-06 3.03-U6 2.56-u5 9.19-04 1.34-03 1.33-03 1.22-03 5.07-04

RA224 2.26-U2 1.61-02 1.31-o3 3.5L-04 6.u6-08 1.66_09 3.h0-U8 3.96-07 3.50-04 1.31-05 1.33-05

RA225 0.30 3.60-02 1.71-07 i.75-02 6.2S-07 5.72-us 1.21-02 2.97-01 6.67-n1 3.41-n2 8.15.15 0.00

RA226 u.uti 2.95_08 4.61-oH 1.9h-07 2.64-06 4.22-04 I.96-U2 1.50-01 4.96-02 1.44_(33 1.42-03 1.24_03

AC225 a.30 7.02-07 1.71-07 1.25-07 6.2-07 8.22-05 1.21-02 2.97-01 6.67-01 3.41-02 8.15-15 0.00

AC227 0.00 1.14-02 1.92-67 7.94-07 2.51-06 3.03-06 2.56-05 9.19-04 1.34-03 1.33-03 1.22-03 5.07-04

TH227 0.40 1.07-L7 1.90-02 7.83-07 2.47-06 2.99-U6 2.52-05 9.u7-04 1.33_03 1.31-03 1.20-03 5.00-04

TH228 0.00 2.28-02 1.60-C2 1.41-03 3.50-04 6.L6-08 1.66-09 3.60-06 3.96-07 3.50-06 1.31-05 1.33-05

TH229 0.00 1.21-07 1.71-07 1.75-07 6.25-07 8.72-05 1.21-U2 2.97-01 6.67-01 3.41-02 8.15.15 0.00

TH230 0.00 3.65_05 3.85-05 3.98-05 1.02-04 2.41-03 2.55-02 1.50-U1 2.96_02 1.44-03 1.42-03 1.24-03

TH231 0.00 2.24_03 1.37-05 1.39-05 1.56-05 3.31-U5 2.28-04 1.26-03 1.34.03 1.33-03 1.22-03 5.07.04

TH232 0.00 1.21-11 1.21-li 1.23-11 1.44-11 5.26-11 1.66-09 3.60-08 3.96-07 3.50-06 1.31-05 1.33-05

Th234 0.00 2.87-01 1.44-03 1.43-03 1.43-03 1.43_03 1.43-03 1.44-03 1.44-03 1.44-03 1.42-U3 1.24-03



. .A1 IDLLOW-DN

POWER 0

PROPEHTIE5 AF1ER UPARAT1ON

49.27 MW. BURNUP 37112.MWD. FLUX= 2.32+15N/Cho12.5EC

NUCLIDE RADIOACTIVITY, CURIES

CHARGE 5 PARATION 1.0+00 YR

BASIS a MT HEAVY METAL

I .0'01 YR 1.0+02 YR 1.0'03 YR
PA23I 0.00 2.59-06 2.59-06 2.59-06 2.62-06 3.03-06
PA233 0.00 1.86-01 1.87-01 1.97-01 2.87-01 7.31-01
PA234w 0.00 2.87-01 1.44-03 1.43-03 1.43-03 1.43-03
PA234 0.00 2.87-04 1.44-06 1.43-06 1.43-06 1.43-06

,U232 0.00 3.32-04 114!-P4 7.61-04 3.41-04 5.69-08
U233 0.00 8.00-07 1.68-06 9.08-06 1.02-04 2.26-03

U234 1.74+00 8.16-03 9.06.03 2.26-02 1.28-01 3.13-01
U235 3.93-03 1.37-05 1.37-05 1.39-05 1.56-05 3.31-05
U236 9.04-02 4.41-04 4.42-04 4.48-04 5.18-04 1.20-03
U237 0.00 2.02-01 6.41-02 4.21-.02 6.23.04 8.72-07

U238 3.03-01 1.43-03 1.43.703 1.43-03 1.43-03 1.43-03
NP237 0.00 1.86_01 1.87-01 1.97-01 2.8701 /.31-01
NP239 0.00 5.21+01 5.21+01 5.21 4.01 5.17.01 4.76+01
rU236 4.88+00 1.36-02 1.07-02 1.20.03 3.74.13 0.00
PU238 2.73+04 1.00+02 4.54+02 5.25+02 3.29+02 2.16+00
PU239 3.21+03 1.93+01 1.93+01 1.94+01 1.95+01 2.03+01

PU240 4.67+03 2.41+01 2.42+01 2.51+01 2.71+01 2.48+01
PU24I 9.37+05 2.68+03 2.56+03 1.66+0 2.49+01 3.49-02
PU242 1.33+01 6.77-02 6.78.02 6.84.02 7.34-02 8.30-02
PU243 0.00 1.60-11 3.19-09 3.19-09 3.19-09

AM24I 1.68+03 3.28+03 3.28+03 3.26+03 2.88+03 6.81+02
AM242m 0000 2.16+02 2.15+02 2.07+02 1.37+02 2.26+00
A71242 0.00 2.16+02 2.1.5+02. 2.07+02 1.37+02 2.26+00
AM243 0.00 5.21+01 5.21+01 5.21+01 5.17+01 4.16+01
cm242 0.00 9.01+04 1.92+04 1.69+02 1.12+02 1.86+00

CM243 0.00 9.34+01 9.14+01 7.52+01 1.07+01 3.67-08
CM244 0.00 1.27+03 1.22+03 8.67+U2 2.76+01 3.00-14
CM245 0.00 3.75-02 3.75.-02 3.75-02 3.72-02 3.48-02

CH246 1.09-03 1•111.TP1_ 1.09-03 1.08-03 9.60-04
CM247 0.00 3.19-09 3.1Y-09 3.19.-09 3.19-09 3.19-09

SUBTOT 9.74+05 9.81+04 2.74+04 7.14+03 3.81+03 8.32+02

TOTAL 9.74+05 9.81+04 2.74+04 7.14+03 3.81+03 8.32+02

CHARGED TO REACTOR

1.0+04 YR
2.56-05

8.66-01
103...03
1.43.416

(6311L02., -1 
3.07-01
2.28-04
5.43-03
4.47-07
1.43-03
8.66-01
2.11+01
0.00

02:029)+01
9.87+00

1.79-02
8.18-02
3.19-09
1.82-.02

2.11+01
0.00
0.00

T.(g-02
3.07-04
3.19-09

776.77:::

1.0+05 YP 1.0'06 YR 1.0+07 YR 1.0+08 YR

9.19-04 1.39-03 1.33-03 1.22-03

8.41-01 6.29-01 3.,41-02 7.50-15
104..03 104..03 104.•03 102..03
1.44126 1,44..06 1.44.•06 1.42..06

(21:01
0.00 0.00
3.41.•02 6.1215

2.39.01 2.0402 1.44-03 1.42-03
1.26-03 1.34-03 1.33-03 1.22-03

8.20-U3 7.98-03 6.15-03 4.52-04
5.54-10 0.00 0.00

C U 1.44-03 1.44-03 1.44-03 -03

8•4101 6.29-01 301..02 7.50-15

6.07-03 3.06-09 2.11-09 5.04-11
0.00 0.00
0.00 ::gg

al2.52+00 3.N..09 2.11-09
9.71-04 0.00 0.00 0.00
2.22-05 0800 ci.00
6.94-02 1.34-02 9.55-10 0.00

3.18-09 3.06.09 2.11.-09 5.04-11
2.22-05 0.00 0.00 0.00

6.07-03 3.66.09 2.11...69
0.00 0.00 0.00 0.00

0.00

j1-05
3.51-09

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00

(03.1(3)(13:1

3.18-09 3.06.09 2.11-09
8.79+00 7.62+00 4.16-01 3.39.02

8.79+00 7.62+00 4.16-01 3.39:0:

1.0409 YR
5.07-04
0.00
1.24..,03
1,24..06

g:gg
1.24.03
5.07-09

2.10-15

C1111-03
0.00

0.00

0.00
0.00
0.00

g:gg

3(1 ]..g
0.00

g:(00
0.00
0.00

2.30..02
!fa:102



/

AI VOLL04-ON PROPERTIES AFTER SE:PARA -1100

POvER =

CHARGE

49.27 111.. BuRN0p = 37112.MAC. FLUX= 2.32+15N/Cm..2-5EC

NUCLIDE THERMAL POwER. .1ATT5
BASIS = MT HEAVY METAL cHARGEL TO

SEPARATION 1.0+00 yR 1.0+01 yk 1.0+02 yR 1.0+U3 yk 1.0+04 Yk

REACTOR

1.0+LS YR 1.0+06 YR 1.0+u7 YR 1.0+08 YR 1.0+09 YR

TL207 0.0 3.17-1U 5.80-10 2.39-09 7.56-09 9.14-09 7.70-04 2.77-06 4.05-06 4.02-06 3.68_06 1.53-06

TL208 0.00 1.89-04 1.35-04 1.10-05 2.93-06 5.06-10 1.39-11 3.16-10 3.32-09 2.94-08 1.10-07 1.11-07

TL209 U.00 2.S3-I0 6.15-11 6.31-11 2.25-10 3.14-06 4.35-U6 1.07-04 2.40-04 1.23-U5 2.93-18 0.00
P8209 0.6U 6.043-10 1.97-10 7072..10 7.1 910 1e0U-U7 1.39-05 3.42-U4 7.68-04 3.92-US 9.37-18 0.00
po211 0.00 3.51-10 6.43-10 2.66-09 8.39_09 1.01-08 8.54-08 3.07-06 4.50-06 4.46-06 4.08-06 1.70-06

P8212 0.00 3.24-05 2.30-05 1.88..06 5.02-07 8.69-11 2.36-12 5.44-11 5.68-10 5.03-09 1.88-08 1.91-08
P13214 Q.00 7.12-11 1.12-10 4.62-10 6.44-09 1.03-06 4.83-05 3.81-04 7.22-05 3.31-06 3.46..06 3.01-06
61210 0.00 3.56-12 6.71-12 8.97-11 4.42-09 1.11-06 5.22-05 4.12-04 7.80-05 3.79-06 3.74_06 3.25-06

81211 0.00 4.u9-09 7.49-09 3.09-06 9.77-08 1.16-07 9.95-07 3.56-05 5.24-05 5.19-05 4.75-05 1.98-05

81212 0.J0 3.92-04 2.79..04 2.24-05 6.08-06 1.05-09 2.6d-11 6.59-1c 6.87-09 6.0808 2.28-07 2.31-07
81213 [3.00 4.32..09 1.05-09 1.08-09 3.64-09 5.36-07 7.44_05 1.83-03 4.10-03 2.10-04 5.01-17 0.00
81214 O.U0 4.07..10 6.4210 2.76..09 3.68-08 5.88-06 2.76-114 2.1803 4.13-04 2.00-05 1.98-05 1.72-05

P0210 P.00 3.u9..11 5.95..11 1.0-09 5.29-08 1.33-JS 6.24_04 4.92_63 9.33_04 4.53_05 4.47_05 3.69-05

Pu211 d.Uli 1.39-11 2.55-11 1.u5-Iu 3.32-10 4.0-10 3.39-09 1.22-07 1.76-07 1.77-67 1.62_07 6.72-08
R0212 J.j0 7.65-04 5.44-14 4.45-05 1.19-05 2.06-09 b .63-11 1.29-09 1.34-08 1.19-07 4.45-07 4.51-07
Po213 0.00 3.41-38 8.30-09 8.52-09 3.04-06 4.C- 3-00 5.88_04 1.44-02 3.24..02 1.66_03 3.96..16 0.00

F0214 J.W.) 1.33-09 2.10-09 9.02-09 1.2u-07 1.92-u5 9.04-04 7.13-03 1.35-03 6.56-05 6.47-05 5.63-05

po215 j.00 4.6u-09 L.42-09 3.4e-06 1.1u-07 1.33-0 1.12-U6 4.03-05 5.89-05 5.84-05 5.35-05 2.22-05
P0216 3.00 5.2304 6.57-04 5.37-05 1.43-05 2.41',..09 6.79-11 1.5509 1.62-08 1.43-07 5.37-07 5.43-07
P0213 0.00 1.06-09 1.67-09 7417-09 9.57_08 1.53..05 7.18-04 5.67-03 1.07-03 5.21-u5 5.14.05 4.48-05

AT217 O.UU 2.94-06 7.17-09 7.35-09 2.62-OB 3.65-u6 5.07-04 1.25-02 2.80-02 1.43-03 3.41_16 0.00
RN219 0.00 4.2509 7.78..09 3.22-06 1.02-07 1.23-37 1.03-06 3.72-05 5.44-05 5.39-05 4.94_05 2.05-05
RN220 0.0u 6.55-04 6.09-04 4.98-05 1.33..05 2.30-09 6.29-11 1.44-U9 1.50-04 1.33-07 4.97-07 5.04-07
RN222 0.L.0 9.52-10 1.50-09 6.45-09 3.61-08 1.36-05 6.46-04 5.10-03 9.66-04 4.69-05 4.63_05 4.03-05
FR221 .1.60 2.61-08 6.36-09 6.53-J9 2.33_08 3.24-06 4.50-1:4 1.11-U2 2.48-02 1.27-03 3.03_16 0.00
FR223 0.60 3.73-12 6.30-12 2.6U-11 6.23-11 9.94-11 6.38-10 3.01-06 4.41-08 4.37-08 4.00-08 1.66-08

RA223 0.00 3.65-39 6.68-09 2.76-08 6.72-08 1.05-07 a.88-07 3.19-05 4.67-05 4.63-05 4.24-05 1.76-05

RA224 0.00 7.72-04 5.49-04 4.49-05 1.20-05 2.07-09 5.68-11 1.30-U9 1.35-08 1.20-07 4.49-07 4.54-07

RA225 0.,:.0 2.37-1u 1.13-10 1.15-10 4.11-10 5.74-ua i.96-06 1.96-04 4.39-04 2.24-05 5.36-18 0.00
RA226 u.UU 6.34-10 1.31-09 5.60-09 7.48-08 1.19-05 5.61-04 4.43-U3 8.39-04 4.07-05 4.02-05 3.50-05
AC225 0.00 2.41-08 5.47-09 6.02-09 2.1 4-08 2.99-06 4.15-04 1.02-02 2.29-02 1.17-03 2.80_16 0.00

AC227 0.00 S.74-11 9.68-11 4.00-1b 1.26-09 1.53-09 1.29-08 4.63-07 6.78-07 6.72-07 6.15-07 2.56-07

TH227 0.u0 3.68-09 6.53-09 2.70-08 8.52-08 1.(J3-07 6.67-U7 3.12-05 4.56-05 4.52-05 4.14-05 1.72-05

TH228 0.30 7.46-04 5.23-04 4.29-05 1.15-05 1.98-09 5.43-11 1.24-09 1.30-08 1.15-07 4.30-07 4.35-07
TH229 0.u0 5.17-09 5.17-09 5.30-09 1.69-08 2.64-U6 3.66-04 8.99-03 2.02-02 1.03-03 2.46-16 0.00
FH230 J.00 1.0-06 1.09-06 1.12-06 2.88-06 6.82-o5 7.21-04 4.41-03 6.37-04 4.07-05 4.01-05 3.49-05

TH231 0.60 2.16-06 1605_08 1.10-06 1.23-08 2.61-08 1.80-U7 9.93-07 1.06-06 1.05-06 9.63-07 4.00-07

TF1234 0.00 1.02-04 5.13-C7 5.10-07 5.10-07 5.10..07 5.10-07 5.11-07 bo12-07 5.12-07 5.05-07 4.40-07

pA231 0.00 7.91-08 7.91-08 7.92.-06 7.99-08 9.25-uti 7.80-07 2.81-05 4.10-05 4.07-05 3.73-05 1.55-05

PA233 0.00 2.51-04 2.5304 2.66-04 3.87-04 9.86-04 1.17-03 1.14-03 8.5u-04 4.61-05 1.01-17 0.00



AI .F,OLLOtlaN___. PROPERTIES AFTER SEPARATION

POWER 2 49.27 MW, BURNUP = 37112.MWD, FLUX= 2.32+15N/01+412-SEC

NUCLIDE THERMAL POWER. wATTS
BASIS 2 MT HEAVY METAL CHARGED TO

CHARGE SEPARATION 1.0+00 YR 1.0+01 YR 1.0+02 YR 1 .0+03 YR .0+04 YR

REACTOR

1.0+05 YR 1.0+06 YR 1.0+07 YR 1.0+08 yik 1.0+09 YR
PAZ34M 0.00 1.48-03 7.42-06 7.38-06 7.38-06 7.38-06 7.38-06 7.39-06 7.41-06 7.41-06 7.31.06 6.36-06
PA234 0.00 2.61.06 1.31-08 1.30-08 1.30-08 1.30..08 1.30-08 1.30-08 1.31-08 1.31-08 1.29-08 1.12-08

U232 0.00 1.06-05 1.43-05 2.44-05 1.09-05 1.89-09 0.00 0.00 0.00 0.00 0.00 0.00
U233 0.00 2.33-0B 4.91-08 2.64-07 2.98-06 6.57-05 1.02-03 8.63-03 1.94-02 9.93-04 2.36-16 0.00

v234 4.99-02 2.35-04 2.61-04 6.52-04 3.7U-03 9.00-03 8.83-03 6.87-03 5.88-04 4.14-05 4.09-05 3.56-05

U235 1.09-04 3.81-07 3.81-07 3.86-07 4.33-07 9.19-07 6.34-06 3.49-05 3.73-05 3.70-05 3.39:.05 1.41-05

U236 2.45-03 1.20-05 1.20-05 1.21-05 1.40-05 3.24-U5 1.47-04 2.22-04 2.16-04 1.67-04 1.23-05 5.69-17
U237 0.00 1.34-04 4.25-05 2.79-05 4.13-07 5.79-10 2.97-10 3.68-13 0.00 0.00 0.00 0.00

U238 7.65-03 3.63-05 3.63-05 3.63-05 3.63-05 3.63-05 3.63-05 3.63-05 3.64..05 3.64-05 3.59-05 3.13-05

NP237 0.00 5.47-03 5.50-03 5.78-03 8.42-03 2.15-02 2.54-02 2.47-02 1.85-02 1.00-03 2.20_16 0.00
NP239 0.00 7.05-02 7.05-02 7.04-02 6.9d-02 6.44-02 2.85..02 8.20-06 4.14-12 2.85-12 6.81-14 0.00
PU236 1.70-01 4.73-04 3.71-04 4.16-05 1.30-14 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PU238 9.U5+02 3.32+00 1.51+01 1.74+01 1.09+01 7.14-02 0.00 0.00 0.00 0.00 0.00 0.00
PU239 9.99+0] 6.00-01 6.01-01 6.01-01 6.07-01 6.31.01 7.13-01 7.84..02 9.59-11 6.55-11 1.57-12 0.00
PU240 1.46+02 7.50-01 7.54-01 7.83-01 8.46-01 7.73-01 3.07-01 3.02-05 0.00 0.00 0.00 0.00

PU241 3.89+01 1.11-01 1.06-01 6.97-02 1.03-03 1.45-06 7.41-07 9.20.-10 0.00 0.00 0.00 0.00
PU242 3.92-01 2.00-03 2.00-03 2.02-03 2.17-03 2.45-03 2.42-03 2.05-03 3.95-04 2.82-11 0.00 0.00
PU243 0.00 2.26-14 4.52-12 4.52-12 4.52-12 4.52-12 4.52-12 4.51-12 4.34-12 2.99-12 7.0-14 0.00
AM241 5.59+01 1.10+02 1.09+02 i.09+02 9.60+01 2.27+01 6.09-04 7.90-07 0.00 0.00 0.00 0.00

AM242M 0.00 6.15-02 6.13-02 5.88-02 3.90-02 6.49-09 9.75-22 0.00 0.00 0.00 0.00 0.00
At1242 U.U0 2.88-01 2.87-01 2.76-01 1.83-01 3.02-03 4.57-21 0.00 0.00 0.00 0.00 0.00
AM243 0.00 1.90+00 1.90+00 1.90+00 1.89+00 1.74+00 7.69-01 2.21-04 1.12-10 7.70-11 1.84-12 0.00
CM242 O.U0 3.32+03 7.08+02 6.25+00 4.1q+00 6.84.02 0.00 0.00 0.00 0.00 0.00 0.00
CM243 0.00 3.43+00 3.36+00 2.76+00 3.94-01 1.35-09 0.00 0.00 0.00 0.00 0.00 0.00
CM244 0.00 4.45+01 4.28+01 3.03+01 9.67-01 1.05..15 0.00 0.00 0.00 0.00 0.00 0.00
CM245 0.00 1.17-03 1.17-03 1.17-03 1.16-03 1.09-03 5.57-04 6.91-07 0.00 0.00 0.00 0.00
CM246 0.00 3.57-05 3.57-05 3.56-05 3.52-05 3.14-05 1.01.-05 1.15..10 0.00 0.00 0.00 0.00
CM247 0.00 9.21-11 9.21-11 9.21-11 9.21-11 9.21..11 9.20.-11 9.17-11 8.83-11 6.08-11 1.45-12 0.00

SUBTOT 1.25+03 3.48+03 8082+02 1.69+02 1.16+02 2.61+01 1.87+00 2.17-01 1.81..01 9.79-03 7.29-04 4.191-oq
TOTAL 1.25+03 3.48+03 8.82+02 1.69+02 1.16+02 2.61+01 1.87+00 24,1701 1,81..01 94,79..03 7.29. 04 94181..04



Al FI,LEOR-oN PROPERTIES AFTER SEPARATION

PONER = 49.27 tiN o BOIRNUP = 37112.4AD, FLUX= 2.32+15N/Cm1,12-5EC

NUCLIDE INHALATION HAZARD. Moll3 OF AIR

8A5I5 = NT HEAVY HETAL CHARGED TO

AT kCG

REACTOR

TL207

CHARGE

0.00
'5EPARATION

-1.05-07
1.0+00 YR
-1.92-07

1.0+01 YR
-7.92-07

1.0+02 YR
-2.50-06

1.0+03 YR
-3.02-06

1.0+04 YR
-2.55-J5

l.U+uS YR
-9.17-04

1.0+06 YR
-1.34-03

1.0+07 YR
-1.33-03

1.0+08 YR
-1.22-03

1.0+09 YR
-5.06-04

TL208 0.00 -/1.12-03 -5.7d-)3 -4.72-04 -I.26-n4 -2.1d-06 -5.97-10 -1.37-04 -1.42-07 -1.26-06 -4.72-06 -4.78-06

TL209

PB209

UgOU

0.00

-1.55_08

-7.03-07
-3.76-09

-1.71-07

.3.86.09

-1.75-07

-1.38-08
-6.25-07

-1.92-u6

-8.72-05
-2.66.64

-1.21-02
-6.54.03
-2.97-01

-1.47-02

-6.67-01
-7.50-04

-3.41-02

-1.79.16

-8.15-15

0.00

0.00

PH210 0.00 3.42+02 6.37+02 8.52+03 4.20+05 1.06+08 4.96+09 3.91+1C 7.41+09 3.60+08 3.55+08 3.09+08

PH211 0.00 -1.05-07 .1.92-07 -7.45-07 -2.51-06 -3.03-06 -2.56-05 -9.19-04 -1.34-03 -1.33-03 -1.22-03 -5.07-04
PB212
p6214

0.00
0.00

3.76+07
-2.92-08

2.68+07

-4.61-08
2.14+06

-1.98-07
5.83+05

-2.64-06
1.01+02

-4.22-04
2.76+00

-1.98-02
6.33+U1

-1.56-01
6.6U+02
_2.96_02

5g84+00
-1.44-03

2.19+04
-1.42-03

2.21+04
-1.24-03

bI210 0.00 6.76+00 1.27+01 1.70+02 6.40+03 2.11+06 9.92+117 7.132+08 1.46+08 7.20+06 7.10+06 6.18+06

6121 1 J.00 -1.65-07 -1.92_07 -7.95_07 -2.51-06 -3.03-06 -2.56_05 -9.19-04 -1.34.03 .1.33-03 -1.22-03 -5.07-04

B1212
81213

81214

0.00
0.j0

0610

-7.52+06

-7.03-07
-2.92_06

5.35+,36

-1.71-07

-4.61-04

4.37+05
-1.75-07

-1.9E-07

1.17+05

-6.25-07
-2.64-06

2.02+61
-8.72-06

-4.22-04

5.53-01
-1.21-62

-1.48-02

1.27+01

-2.97-01

-1.56-U1

1.32+02

-6.67-01

-2.96-02

1.17+03

-3.41-U2

-1.44-63

4.37+03
-8.15-15

-1.42-03

4.43+03

0.00

-1.24-03

p0210
P0211

0000
0.00

1.40+02
-3.15-10

2•7U+02 4.67+03

-2.38-09
2.40+05

-7.53-09
6.03+U7

-9.10-09
2.83+09

-7.67-08
2.23+10

-2.76-06
4.23+09

-4.03-06
2.06+09

-4.00-06
2.03+08

-3.66-06

1.77+08
-1.52-06

p0212 04.G0 -1.1t4-02 -1.03-02 -8.40-04 -2.24-04 -3.88-04 -1.08-09 -2.43-06 -2.53-07 -2.24-06 -8.39-06 -8.50-06

p0213

120214
0.00

risA0
-6.a7-07
-2.92-08

-1.67-u7
-4.61_08

-1.72-07

-1.98-07

-8.11-07
-2.64-06

-8.53-05

-4.22-04

-1.1d-J2

-1.95-02
-2.91-01
-1.56-01

-6.53-01
-2.96_02

-3.33-02
-1.44-03

-7.97-15
-1.42-03

0.00
-1.24-03

p0215 0.00 - 1.05-07 -1.92-07 -2.51-06 -3.03-06 -2.56_05 -9.19-04 -1.34-03 .1.33-03 -1.22_03 -5.07-04

p0216 U.U0 -2.26-02 -1.81-02 ..3.5u.g04 -6.1.1608 -1.66.09 -3.6c-04 _3.96_07 -3.50-06 -1.31-05 -1.33-05

p0218 0000 -2.92-08 -4.61-08 -1.98-07 -2.64-06 '1.221j4 -1.98-02 ..1.17,6..01 -2.96-02 -1.44-03 -1.42-03 -1.24-03

AT2I7

RN219

0.00

0.00
-7.03-07

-1.65-07

-1.71-07

-1.92-07

-1.75-07

-7.95-07
-6.25-07
-2.51-06

-8.72-05
-3.u3-u6

-1.21-02
-2.58-

-2.97-01

-9.19-04

-6.67-01

-1.34-03
-3.41-02

-1.33-03
-8.15-15
-1.22-03

0.00
-5.07-04

RN220 d.t.10 2.26+06 1.61+u6 1.31+05 3.50+04 6.06+60 1.66-01 3.8u 4.00 3.96+01 3.50+02 1.31+03 1.33+03

RN222 j.J0 9.74+JO 1.54+01 6.60+01 6.81+02 1.41+05 6.61+06 5.21+07 9.88+06 4.80+05 4.73+05 4.12+05

FR221
FR223

0.!00

U.00
-7.03-07
-1.59-09

-1.71-07
-2.69-09

-1.75-07

-1.11-08
-6.25

-07

-3.51-08

-8.72-05

-4.24-08
-1.21-C2

-3.58-07
-2.97-01

-1.29-05

-6.67-01

-1.88-05
-3.41-02
-1.87-05

-8.15-15

-1.71-05
0.00
-7.10-06

RA223 3.00 1.31+04 2.46+04 9.93+04 3.14+05 3.79+05 3.19+J6 1.15+08 1.68+08 1.67+C8 1.53+08 6.341+07

RA224 0.00 1.13+09 6.03+08 6.56+07 1.7s+07 3.03+u3 8.29+61 1.90+03 1.98+04 1.75+05 6.56+05 6.64+05

RA225
RA226

1.013
U.00

7.20+03
1.47+04

3.42+03

2.31+04
3.51+03
9.89+04

1.25+04
1.02+06

1.74+06
2.11+38

2.42+08
9.92+09

5.95+09

7.82+10
1.33+10
1.48+10

6.82+0p
7.20+08

1.63-04

7.10+08
0.00
6.18+08

RA228 0000 1.91+00 7.90'00 8.53+00 1.44+01 5.26+01 1.66+03 3.6u+04 3.96+ 05 3.50+06 1.31+07 1.33+07

AC225 OfUU -7.02-07 -1.71-07 -1.75-07 -6.26-07 -8.72.05 -1.21-0? -2.97-01 -6.67-01 -3.41-02 -8.15-15 0.00

AC227 0.00 1.42+06 2.40+1J6 9.93+06 3.14+07 3.79+07 3.19+08 1.15+13 1.68+10 1.67+10 1.53+10 6.34+09

AC228 0.00 3.18-03 4.64..03 1.42-02 2.40-02 8.76-02 2.76+U0 6.33+01 6.6U+02 5.89+03 2.19+04 2.21+04

TH227 U.O0 1.78+04 3.16+04 1.31+05 4.12+05 4.98+05 4.20+06 1.51+08 2.21+08 2.19+08 2.01+08 8.34+07

TH228 U.JO 1.14+11 7.99+10 6.55+09 1.75+09 3.03+05 8.29+03 1.90+05 1.98+06 1.75+07 6.56+07 6.64+07

TH229

TH230
0.00

0000

2.14+06
4.81+08

2.14+06
4.82+08

2.19+06

4.97+08
7.81+06
1.27+09

1.09+09

3.02+10
1.51+11

3.19+11
3.72+12
1.95+12

8.34+12

3.70+11

4.26+11

1.80+10
1.02-01

1•77+10

0.00

1.554.10

TH231 U.00 6.86+04 3093+02 3.46+02 3.90+02 8.24+02 5.71+03 3.15+04 3.36+04 3.33+04 3.05+04 1.27+04



POWER

-

'4 49.27 MR. BURNUP 0 371120180. FLUX0 2.32.415N/CM0012...5EC

CHARGE
TH232 0.00
TH234 000
PA231 0.00
PA233 0.00
PA234M 0.00
PA234
U232
U233
0234
U235
U236
u237

U238
NP237

NP239
PU236
PU238

PU239
PU240

PU241
U242

PU293
AM241

AM242M
AM242
AM243

0.0242
:M243
:0.0249
'm245
:M246
.M247

VBTOT
TOTAL

0.00
0.00
0.00

4.34+11
9.83+08
2.26+10
0.00

1.01+11
0.00
0.00
_y.68+00
3.90+17
5.35+1 6
2.79+16

3.12+17
2.21'414
0.00
8.38+15
0.00
0.00
0.00

0.00
0.00

0..00
0•00
0•00
0.00
8.43+17
8.43+17

SEPARATION

1.21+01
2.87+08

6.48+07
3.09+07

-?+87-01
-2.87_04

3.69+08
2.00+05

2.09+09
3.43+06
1.10408

-2.02-01

4.78+08
1.86+12

2.61+09
-1.36-02
1.93+15

3.224'14

4.01+14
8.94+14
1.13+12
2.66-04

1.6q+16

1.08+15
2.16+11
2.61+14

2.25+16
4.62+14

4024+15
1.88+11
5.94+09
1.60+04
9.80+16
4.80+16

1.0+00 YR
1.21+01

1.99+06
6.98+07
3.12+07

-1.44-06
4.94+08
4.21+05
2.22+09

3.43+06

1,10+08
-6.41.02

4.78+08

1.87+12
2.61+09

-1.07-02
6.99+15
3.22+14

9.04+14
8.53+14
1.13+12
5.32-02
4.69+16

1.08+15

2.15+11
2.61+14

4.80+15
9.57+14

4.08+15
1.88+11

5.44+09

1.60+04
3.52+16
3.52+16

• NUCLIDE INHALATION HAZARD: M003 OF AIR AT RCG
BASIS ■ MT HEAVY METAL CHARGED TO REACTOR

1.0+01 YR 1.0+02 YR 1.0+03 YR 1.0+04 YR 1.0+05 YR
1.23+01 1.44.01 5.26+01 1.66+03 3.80+04
1043+06 1.43+06 1.43+06 1.43+06 1.44+06

6.49+07 6.54+07 7.58+07 6.39+08 2.30+10
3.28+07 4.78+02 1.22+08 1.44+08 1.40+08

-1.43.03 .1.43.03 -1.43-03 -1.43-03
-1.43-06 -1.43+06 +1.43...06 ....1.43.:06 -1.44-06
6.46+08 3.29+08 6.55+04 0.00 0.00
2.27+06 2.56+07 5.64+08 8.23.09 7.41010
5.66+09 3.21+10 7.81+10 7.67+10 5.96410
3.48'406 300+06 8.28+06 5.71+07 3.15+08
_1.12+08 1.29+08 2.99+08 1.36+09 2.05+09

-11.47..u7

4.78+08 4.28+08 4.78+08 4.78+08 4.794'08
1.97+12 2.87+12 7.31+12 8.66+12 8.41+12
2.60'09 2.58409 2.38+09 1.05'409 3.03•05

-1.20-03 -3.74-13 0.00 
036 

0.00
7.50+15_ 4.704.15 3.08413 1.(31 0.00
3.23+ 1 4 - 3.25414 3.38+19 3.82+14 4.21+13

4.19+14 4.52+14 9.19+19 1.64+19 1.62'4 10
5.60+14 8.29+12 1.16+10 S.96+09 7.39+06

1.14+12 1.22+12 1.38+12 1.36+12 1.16+12
5.32..02 5.32-02 5.32-02 5.32..02 5.30-02
1.63+16' 1.49+16 3.41+15 9.12+10 1.11+08
1.03+15 6.85+14 1.13+13 1.71.05 0.00
2.07+11 1.37+11 2.26+09 3.413-09 0.00
2.60+14 2.58014 2.38+1y 1.05.1.1q 3.03+10

4.24+13 2.81.13 4.64+11 0.00
3.76+14 5.36+13 1am+05 0.00 0.00
2.89+15 9.21+13 9.98..02 0.00 13,00
1.87+11 1.86+11 . 1.74+11 8.92010 1.11+08
5.44+09 5.38+09 4.130+09 1.59+09 1.75+04

1.60+04 1.60+04 1.60.04 1.60+04 1.59+04
2.97+16 2.10.16 4.45015 6.63+141 5.77+13

2.97+16 2.10016 4.45+15 6.63+14 5.22+13

1.0006 YR
3.96+05

1.44+06
3.36+10
1.05+08

0.00
1.67+11

5.11+09
3.36+08

2.00+09
0.00
4.804'08
6.29+12
1.53-01
0.00

0.00
5.14+09

0.00
0.00
2.23+11
5.11-02
0.00
0.00
0.00
1.53+04

0.00
0.00
0.00
0.00
0.00
1.53+04
1.55+13
1.5S+13

1.640 YR-I;d4o, YR
3.50+06
1.44+06

3.33+10
5.66+06

0.00
8.52+09

3.60+08 3.55+08

1.33+00 3.05+08
1.514.09 1.13,08

- 6;00
4.80+08 4.23+08

3.41+11 7.50-02
1.05-01 2.52-03

0.00 0.00
0.00 0.00
3;32sol 13;3?4.02-

0.00 0.00
0.00 0.00
1.59+09 0.00
3.52..02 8.39.09
0.00 0.00
-6;b6 --6.130 
0.00 0.00
1.0+0m 1.52.02

0.00 0.00
0.00 0.00
0.00 0.00
0.00
0.00 0.00
1.05+09 2.52+02
8.49+11 6.65+10
8.49+II 6:65+10

1.31+07 1.33+07
1.92+06 1.24+06

3.05+10 1.27+10
1.25-06 0.00

-1.24-03

0.00 0.00
2.03..03 0.00

3.09+08

1.27+08
5.25..04

UWOD --
4.124'08

0.00
0.00
0.00
0.00
0:00-

0.00
0.00
0.00
0.00
0.00
-traD
0.00
0.00
0.00
0(.00
0.00
blab
0.00
0.00
3.67+10
3.67+10



AI FULL0R-0N PkuPEMTIES AFTER 5E,ARATION

POI.ER = 49.27 HU, pURNuP = 37112.MJio, FLUX= 2.32+15N/Cm41.12-SEC

CHARGE SEPARATION 1.0+00 YR

NUCLIDE INGESTION HAZAR0, m0.3 uF aATER

dASIS = MT HEAVY METAL CHARGED TO

1.0+01 YR 1.0+02 YR 1.0+03 YR 1.0+04 YR

AT MCG
REACTOR

1.0+05 YR

TL207 0.00 -1.05-U7 -1.92-07 -7.92-07 -2.50-06 -3.02-06 -2.55-05 -9.17-04
7E208 0.00 -6.12-03 -5.78-03 -4.72-04 -1.26-04 -2.18-U8 -5.97-10 -1.37-u8

TL2U9 0.00 -1.55-08 -3.76-39 -1.66-09 -1.36-08 -1.92-u6 -2.66-04 -6.54-03

PB2U9 0.00 -7.03-U7 -1.71-97 -1.75-07 -6.25-07 -8.72-U5 -1.21-02 -2.97-01
p8210 0.00 1.37-02 2.55-02 3.41-01 1.68+01 4.22+03 1.56+06

PB211 0.00 -1.05-07 -1.92-17 -7.95-07 -2.51-06 -3.03-06 -'12::::U: -9.19-04
P6212 0.00 1.13+03 8.03+92 6.56+01 1.75+01 3.03-03 6.29-05 1.9U-03
P8214 G.00 -2.92-08 -4.61-01 -1.93-02 -2.64-06 -4.22-04 -1.98-02 -1.56-01

81210 0.00 3.38-05 6.37-0; 8.52-04 4.20-02 1.06+01 4.96+02 3.91+U3
81211 0.C,U -1.05-07 -1.92-7 -7.95-07 -2.51-06 -3.03-06 -2.56-d5 -9.19-04

812 1 2 0.00 5.64+01 4.01+j1 3.28 +00 4.75-01 1.52-04 4.15-06 9.49.d5

81213 0.0u -7.0_07 _1.71_07 -1.75_07 _6.25_07 -8.72-95 -i.21-u2 -2.97_01

81214 0.Ju -2.92-08 -4.61_j8 -1.98_07 _2.64_06 -4.22-04 -1,96-a2 -1.56-01

P0210 0.00 1.40-03 2.70-03 4.87_02 2.40+00 6.03+62 2.83+04 2.23+05
P0211 0.90 -3.15-10 -5.77-19 -2.36-09 -7.53-09 -9.10-09 -7.67-0e -2.26-06

p0212 0.00 -1.44-U2 -1.03-'12 -5.4A-04 -2.24-n4 -3.88-u8 -1.06-09 -2.43-06
P0213 0.00 ...6.p7-07 -1.67-07 -1.72-07 -6.11-07 -8.53-0.5 -1.16-u2 -2.91-01
P0214 0.90 -2.92-06 -4.61-0 -1.95-07 -2.64-06 -4.22-114 -1.98-u2 -1.56-01
p0215 0.00 -1.05-07 -1.92_07 -7.95_02 -2.51-06 -3.63_66 -2.56_05 -9.19-04
P0216 0.00 -2.26-02 -1.61-02 -1.31-03 -3.S3-U4 -6.06-06 -1.66-09 -3.60_08
p0218 n.00 _2.92_06 -4.61-36 -1.9.1-07 -2.64-06 -4.22-04 -1.98-02 -1.56-01
AT217 0.fj0 -7.L3-07 -1.71-07 -1.75-07 -6.25-07 -8.72-u5 -1.21-02 -2.97-01
104219 0.0U -1.05-07 -1.92-07 -7.95-07 -2.51-06 -3.03-06 -2.56-05 -9.19-04
R0220 0.U0 -2.26-02 -1.61-62 -1.31-03 -3.5u-04 -6.06-013 -1.66-09 -3.80-08

kN222 0.,10 -2.92-061 -4.61-08 -1.94-07 -2.64-06 -11.22-04 -1.98-02 -1.56-U1
FP221 d.00 -7.03_07 -1.71..f.;7 -1.75-07 -6.25_07 _6.72_0 -1.21-02 -2.97-01

Fli223 u.uu -1.59-09 -2.69-09 -1.11-06 -3.51-08 -4.24-08 -3.58-07 -1.29-05
RA223 0.90 1.50-01 2.75-01 1.14+00 3.56+00 4.33+00 3.65+01 1.31+03
RA224

RAL25
0.00
0.00

1.13+04

6.00-01

6.03+63

21
..!5=

6.c6+02

2.92-01
1.75+02

1.04+00

3.03-u2
1.45+02

8.29-04

2.02+04
1.90-02

RA226 a.00 9.62-01 6.60+00 8.81+ul 1.41+u4 6.61+05 ::9261:(31:
RA228 0.00 6.35-U5 9.68-05 2.64-04 4.81-04 1.75-03 5.53-02 1.27+00
AC225 0.00 -7.02-07 -1.71-07 1.75-07 -6.25-07 -8.72-05 -1.21-U2 -2.92-01

Ac227 0.00 5.69-02 9.61-02 3.97-01 1.25+00
'.5624:Cu

1.26+01 4.60+02
AC228 0.00 2.12-08 3.23-08 9.48_0b 1.60-07 1.84-05 4.22-04
TH227 O.JU 5.34-03 9.48-03 3.92-02 1.24-01 1.49-01 1.26+00 4.53+01

TH228 0.00 3.25+03 2.28+63 1.87+02 5.00+01 8.66-03 2.37-04 5.42-03

TH229

TH230

0.00

0.30

8.54-02
1.92+01

6.55-02

1.93+01

8.77-02

1.99+01
3.13-01

-'7..c8191:2

4.36+01

1.21+03
6.05+03
1.28+04

1.49+05

7.81+04
Th231 0.00 1.37+01 6.87- 12 6.95-02 1.66-01 1.14+00 6.30+00

1.6+06 YR 1.0+07 YR 1.0+08 YR

-1.34-03 -1.33-03 -1.22_03

-1.42-07 -1.26-06 -4.72_06

-1.47-02 -7.50-04 -1.79-16

-6.67-01 -3.41-02 -d.15-15

1.44+04 1.42+04

-f..93::g -1.33-03 -1.22-03

I.75-U11.98-02 6.56_U1
-2.96-02 -1.44_03 -13=

3.60+017.41+02
-1.34-03 ..i1..;2:1 -1.22_03
9.89_04

3

_6.67_01 -3.41-02 -8.15_15

_2.96-02 -1.44-03 -1.42-03

4.23+04 2.06+03 2.03+03

-4.03-06 -4.00-06 -3.66-06

-2'.53-07 -2.24-06 -8.39-06

-6.53-01 -3.33-U2 -2.97-15

-2.96-02 -1.44-63 -1.42-03

-1.34-03 -1.33-03 -1.22-03

-3.96-07 -1.50-06 -1.31-05

-2.96-02 -1.44-03 -1.42-03

-6.67-01 -3.41-02 -8.15..15

-1.34-03 -1.33-03 -1.22-03
_3.96-07 -3.50-06 -1.31-05

-2.96-02 -1.44-03 -1.42-03
-6.67-01 -3.41-02 Ill

-1.88-05 -1.87-05 -I.21-oS

1.92+03 1.90+03 1.24+03

1.98-01 1.75+00 6.56+00

1.11+06 5.68+04 1.36-08

9.88+05 4.60+04

1.32+01 1.17+02 

4.73+04

-6.6.7-01 =22 -8.15-15

0.72+02 6.11+02
1.46-01

6.02+01

::n:231 3.89-02
6.57+01

5.00-015.65-02 1.87+00
3.34+05

6.72+00 6.6 +00 6. 00

1.48+04 '17,72F ..T17?:+r2

1.0+09 YR
-5.06.04

-4.78-06

0.00

0.00

1.24+04
_5.07-04

6.64-01
-1.24_03

3.09+01
-5.07-04
3.32-02

0.00

-1.24-03

1.77+03
-1.52-06

-8.50-06

0.00
-1.24-03
_5.07_04

-1.33-05

-1.24-03

0.00
-5.07_04

-1.33-05

-1.24-03
0.00

-7.10-06

7.25+02

6.64+00
0.00

4.12+04
4.43+02

0.00
2.54+02
1.48-01

2.50+01

1.90+00

0.00
6.18+02

2.54+00



. _AI. F.01...L0W-0N

POWER = 49.27 MIN, BURNUP =

TH232

TH234

PA231
A233

pA234m

A234
U232
U233

U239

U235
U236
U237

U238
P237
p239
U236

U238

U239
U290
u241
U242
U243

11241
AM242m
AM292
AM243

CM242
CM243

M244
M245
M246

M247

SUBTOT
TOTAL

CHARGE
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
5.78+04

1.31+02

3.01+03
0.00
7.i>6+03

0.00
0.00

.9.88+00
5.46+09

6.43+08
9.34+08
4.68+09

2.65+06

0.00
4.19+08

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

1.21+10
1.21+10

_PROPERTIES. AFTE8 SEPARATION

37112•MWD. FLUX. 2•32+15N/CM**2-SEC

NUCLIDE INGESTION HAZARD, 11.0 OF WATER AT RCG
BASIS o MT HEAVY METAL CHARGED TO REACTOR

SEPARATION 1.0+00 YR
6.03.06 6.04-06

1.99+04 7.21+01

2.88+00 2.88+00
1.86+03 1.87+03

-2.87-01 -1.1t-p3_
-2.87.04 -1.44-06

1.11+01 1.98+01
2.67-02 5.62-02

2.72+02 3.02+02
9.57-01 4.58-01

1.97+01 1.47+01
-2.02-01 -6.41-02

3.59+01 3.59+01

6.21+04 6.25+04

5.21+05 5.21+05

-1.36-02 -1.07-02
2.00+07
3.86+06

9.82+06

1.34+07
1.35+04
5.32-08
8.20+08
5.41+07
2.16+06

1.30+07
4.50+09

1.87+07
1.82+08

9.38+03

2.72+02

7.98..04

5.64+09

5.64+09

9.09+07
3.86+06

4.84+06
1.28+07

1.36+09
1.06-05

8.20+08
5.38+07
2.15+08

1.30+07
9.60+08

1.83+07

1.75+QB

9.38+03
2.72+02

7.98-04
2.16+09

2.16+09

. _
1.0+01 YR 1.0+02 YR
6.14-06 7.21-06

7.17+01 7.17+01
2.58400 2.91+00

1.974.03 
2.87403

.71..43703 ..1.43...03

-1.43-06 -1.0-06

2.54+01 1.19+01
3.03-01 3.42+00
7.55+02 4.28+03
4.63-01 5.20-01

1849+01 1.73+01
.-,4.21..02 -6.23-04

3.59+01 3.59+01
6.56+04 9.56+04

5.21+05 5.17+05

-1.20-03 -3.74-13

1.0 4.00 6.58+07

3.87+06 3.90+06
5.03+06 5.43+06
8.40+06 1.24+05

1037+04 1.47+04
1.06-08 1.06-05
8.16+08 7.19+0B

5.17+07 3.43+07
2.07+06 1.37+06

1.30+07 1.29407
8.47+06 5.62+06

1.50+07 2.14+06

1,24+08 3°95+08_
9.37+03 9.31+03

2.72+02 2.69402

7.98-.04 7.98..04

1.15+09 8.55+08

I•15+01 8.55+08

1.0+03 YR 1.0+04 YR l
2.63-05 8.29..04

7.17+01 7.17+01
3.37+00

7.31+03
-1.93-03
-1.93-06

1.96.03

7.52+01
1.09+04

1.10+00

3.99+01
-8.72-07

3.59+01
2.44+05
4.76+05

0.00
4.31+05

4.06+06

4.96+06
1.74+02

1.66+04

1.06-05

1.70+08
5.66+05

2.26+04
1.19+07

9.29+04

7.35-03

4.28-09

8.71+03

2.40+02

7.98-04

1.93+08

1.93+05

2.89+01
8.66+03

-1.93-03
.1.43-B6

0.00
1.16+03

1.02+04
7.61+00

1.81+02
-4.47-07

3.59+01
2.89+05

2.11+05

0.00
0.00
4.59+06
1.974,06

8.93+01
1.69+04
1.06-05
4.56+03
8.56-13

3.43..1 11

5.27+06

0.00
0000
0.00
9.46+03
7.69+01

7.98..04

1.33+07
1.33+07

.0+05 YR
1.90-02

7.15+01
1.02+03

8.41+03

-1.49-06

0.00
9.69+03
7.95403

4.20+01

2.73+02

-5.54-10

3.59+01

2.80+08
6.07+01
0.00
0.00

5.05+05
1.94+02
1.11..01

1.39+04
1.06_05

5.54+00

0.00
0.00
1.52+03
0.00

0.00
0.00

5.33+00
807..04
7.95.01

8.56+06

8.56+06

1.0+06 YR 1.0+07 YO 1.0+08 YR
1.98-01 1.75+00 6.56+00

7.20+01 7.20+01 7.10+01
1.49+03 1.98+03 1.36+03

6.29+03 3.41+02

.s1.44.06

0.00 0.00
2.22+04 1.14+03

6.81+02 4.80+01
4.98+01 4.94+01
2.66+02 2.05+02

0.00 0.cm

3.60+01 3.60+01
2.104,05 1.19+09
3.06-05 2.11-05
0.00 0.00

0.00 0.00
6.17-04 4.22-04

0.00 0.00

0.00 0.00
2.68+03 1.91-04
1.02-05 7.03-06

0.00 0.00
0.00 0.00
0.00 0.00
7.66-04 5.27-04
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00

0.00 0.00
7.66-01 5.27.04

3.03+06 1.57+05
3003+06 I.57*os

7.50-11
-1.92-03
-1.92-06

0.00
2.71-10

4.73+01
9.07+01
1.51401

0.00
3.55+131

2.50-09
5.04-07

0.00
0.00
1.01-0S

0.00
0.00
0.00
1.68-07

0.00
0.00
0.00
1.26-05

0.00
0.00

0.00
0.00

0.00
1.26.05
6.87+04

6.87+04

1.6+61-:YR 
6.69+00

6.18+01
5.64.02
0.00
-1.29-03

=1.24;.06

0.00
0.00
4.12+01
1.69+01

7.00..11
0.00

3..09401

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
000-
o.00
0.00
0.00
0.00
0.00

oat, --
0.00

0.00
S.82+0,1
5.82+041



2.F.15 BNWL-1900

AI-LMFBR PLANT WASTE

Fission Products

I



PROEIBULS_AFTE_R_SEfARATION

H
GE
GE
GE

AS

POWER

CHARGE
3 0.00
72 0.00
73 0.00

78 0.00

75 0.00

89.27 MW, BURNUP 37112.MWD, FLUX', 2.32+15N/C10,0112.SEC

NUCLIDE CONCENTRATIONS, GRAMS
BASIS • MT HEAVY METAL CHARGED TO

. . .
SEPARATION 1.04l0o YR 1.0+01 YR 1.0+02 YR 1 00+03 YR 1.0+08 YR

1.08-01 1.02-01 6.16.02 3.87-04 3.68.26 0.00
1.90.04 1.90.04 14,90.08 14,90.04 1.90.04 1.90.04
9.58..04 9.58-04 9.58.08 9058.04 9.58-04 9,58.04
3.99-03 3.99-03 3.99.03 3.99.03 3.99-U3 3.99-03
3.06_02 3.06-02 3.06.02 34,06.02. 3.06-02 3.06.02

REACTOR

1.04.05 YR

04,00
1.90.08
9,58.04
3.99-03
3.06-02

1.0+06 YR
0.00
1.90.04
9.58.04

3.99-03
3,06.02

1.0+0,
0.00
1.90.04
9.58.04
3.99-03
3,06.02

1.64-0 YR. I
o.00
1.91)-og
9.58-04
3.99-03
3.06..02

13.00
1.90-oq9.58-04
3.99.u3
3.0-02

GE
SE
SE
SE

76

76
77

78

0.00
0.00
04,00
04,00

6.21-02
6.38.04
2.06+00
4.64+00

6.21-02
6.38.-04
2.06+00
4,64+00

6•21.0i
6.38.08
2,06+00

4.64+00

6.21.02
6.38.04
2.06+00
4.64+00

b.21-02
6.38-04
2.06+00
q.64+00

6.21.02
6.38.04
2.06+00
9.64+110

5.21-02
6.38..04
2.06400
4.64+00

6.21-02
6.38-04
2.06+00
4.64+00

6:2F-02
6.38-04
2.06+00
4.64+00

6;21;07

6.38-04
2.06+00
9.64+00

6.38-0,
2.06+00
4.64+00

SE 79 0.00 8.48+00 8.88+00 8.47+00 84,47+00 8.394'00 7.62+00 2.92+00 1.99.08 0.00 0.00 0.00

BR 79 0.00 1.16.04 2.06.04 1.02-03 9.1.5+0.3 9.po-02 8.57.01 5.56+00 8.48+00 8.48+00 800+00 8.48+00

SE 80 0.00 1.26+01 1.26+01 1.26+01 1.26+01 1.26+01 1.26+01 1.26+01 1.26+01 1.26+01 1.16+01 1.2b401

KR 80 0.00 1.69+00 1.69+00 1.69+00 1.69+00 1.69+00 14,69+00 1.69+00 1.69+00 1.69+00 1.69+00 1.69+00
OR 81 0.00 2.35+01 2.354'01 2.35+01 2.35+01 2.35+pi 2.35+01 2.35+01 2.35+01 2.35+01 2.35+01 2.35+01
KR 81 0.00 5.14-03 5.14-03 5.19-03 5.18.03 5.14-03 5.18.03 5.14-03 5.14.03

5.14-03

5.14-03 5.14.03 N.)

SE 82 0.00 3.55+01 3.55+01 3.55+01 3,55+01 3.55+01 3.55+01 3.55+01 3.55+01 3.55+01 3.55+01 3.55+01
-n

KR 82 0.00 5.67..01 5.67-01 5.67-01 5.67.01 5.67-01 5.67.01 5.67-01 5.67-01 5.67-01 5.67-01 5.67.01

KR 83 0.00 5.17+01 5.1 7+01 54,17+01 5.17+01 5.17+01 5.17+01 5.17+01 5.17401 5.1/4.01 5.17+01
KR 84 0.00 8.14+01 8.14+01 B.14+01 8.18+01 8.14+01 8.14+01 8.14+01 8.14+01 0.144'01 B.14+01 8.14+01
KR 85 0.00 2.17+01 2.04401 1.18+01 3.55-02 2.9527 0.00 0.00 0.00 0.00 0.00 0.00
RB 85 0.00 7.68+01 7.82+01 8.71+01 94,85+01 9.86+01 9,86+01 9.86+01 9.86+01 9.86+01 9036.01 9036.101
KR 86 0.00 1.81+02 1.81+02 1.41+02 1.41+02 1.41+02 101+02 1.41+02 1.41+02 1.414'02 1.41+02 101+02
R0 86 0.00 1.82-03 2.41-09 0'00 0.00 0.00 0.00 0.00 0.00 0.00 0000 0.00
SR 86 0.00 7.14.01 7.16-01 7.16-01 7.16-01 7.16-01 7.16.01 7.16-01 7.16-01 7.16-01 . 7,16;01 7;16;01'
Re 87 0.00 1.80+02 1.80+02 1.80+02 1030+02 1.80+02 1030+02 1.80402 1.80+02 1.80402 1.80+02 1.78+02

SR 87 0.00 1.60-03 1.60-03 1.60-03 1.60.03 1.60..03 1,62.03 1.85-03 4.09..03 2.66-02 2.51-01 2,48+00
SR 88 0.00 2.25+02 2.25+02 2.2540Z 2.25+02 2.25+02 24,25+02 2.25+02 2.25+02 2.25+02 2.25+02 2.25+02 •

SR 89 0.00 9.01+00 6,93.02 6.54-21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
y 89 0.00 2.96+02 3.05+02 3.05+02 3.05+02 3.05+02 3.05+02 3005+02 3.05+02 3.05+02 3.05+02 3.05+02

SR 90 0.00 3.34+02 3.26+02 2.61+02 2.88+01 6.51-.09 0.00 0.00 0.00 0.00 0.00
_

Y 90 0.00 8.68-02 8.47.02 6.78-02 7.37.03 1.69-12 0*(10 0.00 0.00 0.00 0.00 0.00
ZR 90 0.00 1.15+01 1.96+01 8.45+01 3.17+02 3.46+02 3,46+02 3.46+02 3.46+02 3.46•02 3.46+02 3,46+02

1. 91 0.00 1.72+01 2.32-01 3.47-18 (1.00 0.00 0030 0.00 0.00 0.00 0.00 04,00
ZR

ZR

91

92

0000

0!00

4.27+02
5.21.0g

4.44+02
5.21+01

4.44+02
5.21+02

4.44+02

5.21+02

4.44+02

5.21+02
4.44+02
5.21+02

4.44+02
5.21+02

8.88+02
5.21+02

4.44+02

5.21+02

4.44+02
5.21+02

4.84+02
So21+02

ZR 93 0.00 6.11+02 6.11+02 6.11+02 6.11+02 6.11+02 6.0+02 5.83+02 3.654.02 6.024.00 5.27-113 .,a00
NB 93M 0.00 3.61..04 6.18-•04 2.43-03 5.51-03 5.54-.03 5.51..03 5.29-03 3.49-03 5.46-05 4.78.23 0.00

NB 93 0.00 1.68-05 4.18..05 7.72.08 2.31.02 2.77-01 2.81+00 2.76+01 2.26+02 ' 6.05+02 6.11+02 6.11+02

ZR 94 0.00 7.35+02 7.35+02 7.35+02 7.35+02 7.35+02 7.35+02 7.35+02 7.35+02 7.35+02 7.35+02 7.354.02

ZR 95 0.00 4,04+01 8.22-01 4.95.16 0.00 0.00 0000 0.00 0.00 0.00 0.00 0.00



AI FULLO-UN PROPERTIES AFTER SEPARAT/ON

PWIER = 49.27 MA. bURNUP = 37112.146i0, FLUX= 2.32+ISR/CM0.42-5EC

NUCLIOL CUNCENTRAT1ON5, GRAMS
pA515 = MT HEAVY METAL CHARGED TO REACIOR

CMARGE SEPARATIUN 1.0+00 YR 1.0-0 Yk 1.0+02 YR I .0+03 YR 1.0+04 YR 1.0+05 YR 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09 YR

NB 95M 0.00 4.94-02 1.01-03 6.U6-19 0.00 0.00 0.00 0.13u U.00 0.30 0.00 0.00
NB 95 0.00 3.00+01 9.73-,J1 5.66-16 0.00 0.00 13.00 0.00 0.0U 0.00 0.00 0.00
MO 95 U.00 7.62+32 0.36+02 8.34+02 6.38+02 8.38+u2 0.38+02 8.36+02 6.38+02 8.38+02 6.38+02 8.38+02
211 96 3.00 6.43+1;2 6.434 12 8.43+02 8.43+02 8•43+02 0.43+02 8.43+02 8.43+02 8.43+02 8.43+02 8.43+02

MU 96 U.00 1.33+JI 1.33+:31 1.33+01 1.33+01 1.33+01 1.33+J1 1.33+01 1.33+01 1.33+01 1.33+U1 1.33+01

MO 97 0.Q0 6.29+02 8.29+,12 0.79+02 6.29+02 8.29+02 8.29+02 8.29+02 5.29+02 6.29+02 8.29+32 8.29+02

MU 98 0.130 9• 17+02 9.17+u2 9.17+02 9.17+02 9.17+02 9.17+02 9.11+112 9.17+02 9•17+U2 9.17+02 9.17+02

TC 99 0.013 9.64+02 9.64+ -2,2 9.64+02 9.63+02 9.61+02 9.33+02 6.9s+02 3.67+01 6.13-12 0.00 0.00

RU 99 C.Uu 4.09-03 7.74-A3 3.56-02 3.19-01 3.15+00 3.10+01 2.69+02 9.27+02 9.64+02 9.64+U2 9.64+02
M0100 0.00 S.94+02 9.94+.-12 9.94+02 9.94+02 9.94+02 9.94+1,2 9.94+02 9.94+02 9.94+02 9.94+02 9.94+02
RU100 2.25+01 7..2"•01 7.25+01 2.25+61 2.25+01 2.25+01 2.25+01 2.25+01 2.25+01 2.25+01

RUIUI u.up 9.s9+02 9.59+02 9.59+02 9.59+02 9.59+L2 9.594."2 9.59+02 9.59+02 9.59+02 9.59+02 9.594'02
RUI02 1.66+33 1.06+03 1.06+03 I.L6+03 1.06+03 1.06+10 1.06+03 1.u6+03 1.06+03 1.06+03

RUI03 3.A0 1.59+01 2.66-02 2.77-27 0.00 0.0C 5.10 0.00 6.00 0.00 0.00 0.00

r0(103M 0.HU 7.66-or„ 2.77-3U 0.00 0.00 G.OD 0.00 u.00 n.00 0.0a 0.00
RHlu3 0.10 9./34+02 1.:J0+03 1.00+03 I.0C+U3 1.004.3:1 1.c.6+03 1.00+03 1.00+03 1.00+03 1.00+03

RU1C4 u.0U 9.04+02 9,6,41,J 2 9.64+02 9.64+02 9.64+02 9.64+02 9.64+02 9.64+02 9.64+02 9.64+02 9.64+02
PD104 j.,0 5.97-03 c.97-A3 S.97-03 5.97-63 5.97-03 5.97-03 5.97-03 5.97-03 5.97-03 5.97-03

PD105 U•Uu 0.26+02 -.26+,32 H.26+02 115.26+02 8.26+02 II.26*0? 8.26+02 6.26+02 8.26+02 6.26+02 6.26+02
R0106 J.00 3.42+02 1.72.J2 3.46-11 3.82-26 0.00 G.00 0.6G 0.00 0.00 0.00 0.00
R0106 G.jU 3.24-J4 1.L2-04 3.27-07 3.61-34 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PV106 6.0U 4.57+02 6.2/+02 7.99+02 7.99+02 7.99+172 7.99+02 7.99+02 7.99+02 7.99.12 7.99+02 7.99+U2

PD107 0.00 5.5/4.02 !,.;7+32 5.51+02 5.5/+02 5.57+u2 5.57+07 5.52+02 5.05+02 2.u7+02 2.80-02 0.00
AGI07 O.Up 7.0/-0,1 1.76-o4 6.21-04 5.52-02 5.52-U1 5.49+00 5.25+01 3.50+112 5.57+02 5.57+02

PDICh 0.00 4.47+J? 4.47+02 4.42+02 4.42+132 4.42+u2 4.42+02 4.42+07 4.42+02 4.42+02 4.42+02 4.42+02

C3168 0.uU 1.40-06 1.40-16 1.49-06 I.4U-06 1.40-66 1.40-06 1.40-06 1.40-06 1.40-06 1.40-06 1.40-06

0.0C 2.45.02 2.45+02 2.45+02 2.45+02 2.45+0?
2.45+02 2.45+02 2.45+02 2.45+02 2.45+02

CDI09 0.00 7.41-09 4.74-17 2.70-11 4.02-33 O•rjo 0.00 0.00 0.00 0.00 0.00

PDI1U J.0U 1.27+U2 1.2/.02 1.27+02 1.27+u2 1.7+u2 1.27+02 1.27+32 1.274 J 2 1.27+U2 1.2/+u2 1.27+02

A6110m ).G0 I.07-31 6.17-q2 7.56-06 0.00 0.101 U.00 U.uu 0.00 0.00 U.00 0.00

AG113 U.;10 2.43-ut P••91-1J9 1.10-12 0.00 0.00 U.UU 0.00 0.00 0.00 0.00 0.00

C0110 3.00 1.::!3+01 1.2.i+L1 1.24+01 1.24+01 1.24+Ll 1.24+01 1.21+01 1.24+01 1.24+01 1.24+01 1.24+01

CU 1 1 I J.OU b.14-J1 5.-31*A1 5.d1+01 5.H1+01 5.61+U1 5.81+01 5.61+01 5.81+01 5.81+01 5.81+01 5.61+01

COI 12 0.00 2.07+01 2.09+,,1 2.n9+01 2.89+01 2.139+31 71.89+0i 2.09+01 2.89+01 2.89+01 2.89+01 2.d9+U1

C011811 Q.UU 4.12-01 3.92-61 2.S1-01 2.92-03 1.31-22 0.00 0.00 0.00 0.00 0.00 0.00

C0113 0.00 1.47+01 1.47+ul 1.4 / 4.JI 1.47+01 1.47+d1 1.47+01 1.47+01 1.47+01 1.47+01 1.47+01 1.47+01

IN I 13 0.1_10 1.66-02 1.79-01 4.27-01 4.30-01 4.30-d1 4.30-UI 4.30-01 4.30-01 4.30-01 4.30-01

C0114 Q.00 1.90 1+01 1.91*ol 1.91+01 1.91+01 1.91+131 1.91+131 1.91+01 1.91+01 1.91+01 1.91+01 1.91+01

ICI 14m 0.110 2.15-j5 1.36-67 2.23-27 0.0U 0.1.30 0.00 0.00 0.00 0.00 0.00 0.00

11.114 0.00 3.46-10 2.19-12 3.50-32 0.00 0.0U U.00 U.UU U.00 0.00 0.0U 0.00



A L. FOLLOW...T.13N- -4..

POWER * 49.27 MW. BURNUP

TROPERIIES AFTER .CPARATION

37112000. FLUX* 2.32+15N/CM4,4402..SEC

NUCLIDE CONCENTRATIONS, GRAMS

BASIS • MT HEAVY METAL CHARGED TO REACTOR

CHARGE SEPARATION 1.0+00 YR 1.0+01 YR 1.0+02 YR

5NI14

collsm
0.00

0.00

3.44.04

2.20-02

3.64-0M

6.12-05

3.64-014

6.01-28

3.64-04

0.00

INII5 0.00 1.52+01 1.52+01 1.52+01 1.52+01

5N115 0.00 7.52-01 7.52-01 7.52-01 7.52-01

Co116 0.00 1•81+.0t. 1.51+01 1.51+01 1.51+01

SNII6 0.00 6.16-01 6.16-01 6.16-01 6.16-01

SN117 0.00 1.49+01 1.49+01 1.49+01 1.49+01

SNUB 0.00 1.53+01 1.53+01 1.53+01 1.53+01

5N119M 0.00 3.54-02 1.29-02 1.42-06 0.00

5N119 0.00 1.50+01 1.50+01 1.50+01 1.50+01

SN120 0.00 1.60+01 1.60+01 1.60+01 1960+01

SN12IM 0.00 2.02-04 2.00-04 1.85-04 8.13-05

5B12I
SN122

0.00
0.00

1.62+01
1.76+01

1.62+01
1.76+01

1.62+01
1.76+01

1.62+011.76+01
TE122 0.00 3.45-01 3.45-01 3.45.01 3.45-01

5NI23M 0.00 1.33+00 1.75-01 2.0-09 0.00

SB123 0.01) 1.84+01 1.96+01 1.98+01 1.98+01

TEI23M 0.00 2.42-04 2.78-0S 9.73-14 0.00

TE123 0.00 2.49-03 2.70-03 2.73-03 2.73-03

SNI24 0000 2.34+01 2.39+01 2.39+01 2.39+01

S0124 0.00 2.54-02 3.74-0y 1.21-20 0.00

TEI24 0.00 3.03-01 3.28-01 3.28-01 3.28-01

S0125 U.00 2.31+04 1.79+01 1.77+00 1.65-10

TE125M 0.00 5.29-01 4.35-01 4.32-02 4.02-12

TE125 0.00 7.96+00 1.33+01 2.98+01 3.16+01

51,1126

50126M
0.00
0.00

4.91+01
1.70-08

4.91+01
1.70-08

4.91+01
1.78.08

4.91+01
1.77-08

58126 0.00 4.72-04 1.67-05 1.67-05 1.66-05

TE126 0.00 2.46+0_0 2.46+00 2.46+00 2.50+00

TEI27M 0.00 2.14+00 2.10-01 i.76-10 0.00

TE127 0.00 7.62-03 7.47-04 6.26-13 0.00

1127 0.00 7.62+01 7.81+01 7.83+01 7.83+01

TE128 0.00 1.38+02 1.38+02 1.38+02 1.38+02

KEI211 0.00 2.34+00 2.34+00 2.34+00 2.34+00

TEI29M

rE129
1129

0.00,
o.00
0.00

8.60701
7.77.04

2.39+02

503-0.9
4.54-07

2.40+02

4.01-1.3
3.62-36

2.40+02

0'00
0.00
2.40+02

11E129 0.00 8.87-03 8.88-03 8.97-03 9.85-03

rE130 0.00 4.77+02 9.77+02 4.77+02 4077+02

KE130 0.00 B.15+00 8.15+00 8.15+00 8.15+00

.
1.0+03 YR 1.0+04 YR 1.0+05 YR 1.0+06 YR 1.0+07 YR 1.0+08 YR i.0409 TR

3.64..04 3.6404 3.64-04 3.644.04 3.64-04 3.64-04 3.64-04

0.00 0.00 0.00 0.00

1.52+01 1.52+01 1.52+01 1.52+01 T.:C2)+01 1.):::+01 11).:12•01

7.52-01 7.52..01 7.52-01 7.52-01 7.52-01 7.52-01 7.52-01

1.51+01 1.51+01 1.51+01 1.51+01 1.51+01 1.51+01 1.51+01

6.16-01 6.16-01 6.16-01 6.16-01 6.16-01 6.16...01 6.16.01

1.49+01 1.49+01 1.49+01 1.49+01 1.49+01 1.49+01 1.49+01

1.53+01 1.53*Li1 1.53+01 1.53+01 1.53+01 1.53+01 1.53+01

0.00 p.00 0.000.00

1.50+01 1.50+U1 1.50+01 1.50+01 1.50+01 S0+01 1.50+01
0.00 0.00

1

1.60+01 1.60+01 1.60+01 1.60+01 ::::+01 1.60+01 1.60+01

2.22-08 0.00 0.00
I.-1".:1.62+01 1.62+01 (11.:o2+01 1.62+01 

0.00
1.2+01 r.:02.., '2.01

1.76+01 1.76.01 1.76+01 1.'76+01 1.76+01 1.76+01 1.76+01

3.48-01 3.48-01 3.45-01 3.45-01 3.45-01 3,454.01 3.454.01

0.00 0.00 0.00 0.00 0.00

1.98+01 1.98+01 1.90+01 1.90+01 T.(9) +01 1.98+01 T.tg+01

0.00 0.00 
(23.(;(3)-03 CZ:7103 M.03 2):2.73-03 2.73-03 g-03 2.C7103

2.39+01 2.39+01 2.39+01 2.39+01 2.39+01 2.39+01 2.39+01

0.00 0.00 0.00 0.00

3.28-01 ii).21:-01 3.28-01 0c31... 1:2):81)-01 3.28-01 (3).N-01 3.28-01
0.00 0.00 0.00 0.00

0.00 0.00 
0.00

0.00
0.00

0.000.00

3.16+01 3j.N+01 3.16+01 3.16+01 3.16+01 3I.N+01 3.16+01

4.88+01 4.59+01 2.46+01 4.81-02 3.94-29 0.00

1.76-08 1.66-08 8.88-09 1.74-11 0.00

1.65-05 1.55-05 8.33-06 1.63-08 0.00 

0.00

2.80+00 5.75+00 2.70+01 5.16+01 5.16+01 ::(11:+01 H+01

0.00 0.00 0.00 0.00

0.00 0.0C10 

0.00
0.00 0.000.00

7.83+01 7.83+01 7.83+01 7.83+01 ;I.:3)+01 7.83+01 7.83+01

1.38+02 1.38+02 1.38+02 1.38+02 1.38+02 1.38+02 1.38+02

2.34+00 2.34+00 2.34+00 2.34+00 2.34+00 2.34+00 2.3.1+00

0.00 0.00 0.00

0.00 0.00 t5 an--(0).gg 

0.00
0.00 11.gg

2.40+02 2.40+02 2.39+02 2.31+02 11:!),(0)+02 4.07+00 ::::-16

1.437..o2 1.07-01 9.86-01 9.60+00 84,0414.01 2.36+02 2.90+02

9.77402 4.77+02 4.77+02 4.77+02 9.77+02 4.77402 4.77+02

8.15+00 8.15+00 8.15+00 8.15+00 8.15+00 8.15+00 8.15+00



AI FOLLU6-UN PEOPEliTIES AFTER SEPARATION

POIAEK = 49.27 MN, aURi4UP = 37112•1140, FLUX= 2.32+15N/CM*62...5EC

CHARk,E

XE13IM 0.00

XE131 0.00

XE132 0.00
C5133 0.00

XE134 0.00
C5134 0.30
8,1134 0.00
CS135 0.00

BA13S 0.00

AE136 D.L10

C5136
BAI36 0.00
C5137 0.00
8A137M 0.00
BAI37 a.00

0.00

LA139 0.00
BA140 0.60
LAI 40 0.00

CEO() 0.00
C.E141 0.00

PR141 0.00

CE142 0.00
ND142 0.00
pli143 0.00
NU143 0.0U

CEI44 U.UU
PRI44 0.00

NU144 0.00
NUI45 C.OU
N0146 00G0

ND147
PH147 0.00
SMI47 0.00
NDI48 U.00
PM148t1 d.00

PMI4d 0.00
SMI48 0.00
SMI49 04011

140150 0.00

SEPARATION 1.0+00 YR
5.69.03 2.96..12

7.51+02 7.51+02

h.67+02 8.67+02
1.23+03 1.23+03
1.42+03 1.42+03

1.96+01 1.40+61

6.99+00 1.26+01
1.43+03 1.43+03

3.71-03 4.04-03
1.49+03 1.494.j3

1.43.02 4.99.11

9.95+01 4.96+01
1.44+U3 1.4 1 +03
2.16.04 2.1 3-fi4
4.46.,u1 7.7b+DI

1.4u+33 1.4u+93
1.24+03 1.24+03

2.26-01 6.84-1u

3.40-02 b.79-11
1.22+03 1.22+03

9.3b+00 3.78-03

1.02+03 1.03+03

1.24+U3 1.24+03
4.52+00 4.52+00

3.31.01 3.13-U9
1.03+03 1.03+03

3.16+02 1.30+02
1.34-02 5.413..p3

5.91+02 7.77+j2
7.18+02 7.18+02

6.71+02 6.71+32

4.10-02 5.13-12

0.54+02 2.72+02

1.37+02 2.19+j2
4.22+U2 4.22+02

5.65..01 1.36.3

5.84.03 1.41-05

3.89+01 3.9ajl

3.59+02 3.59+02

2.40+02 2.43+02

NUCLIDE CONCENTRATIONS, GRAMS

BASIS = MT HEAVY METAL CHARGED TU REAcT0R

1.0+01 YN

0.00

7.61+02

8.67+02

1.23+03
1.42+03

6.68-01

2.59+01

1.43+03

7.u1-03
1.49+03

0.00
4.96+31
1.15+03
1.73.04

3.42+02

1.40+03
1.24+03

0.00

0.00
1.22+03
1.10..33

1.03+03

1.24+03

4.52+00

0.00
1.03+03
4.26-02

1.80..06

9.07+02

7.18+02

6.71+02

0.00
2.52+01

4.66+02
4.22+02

3.80..27

3.92-29

3.95+01

3.59+02

2.40+02

1.0+02 YR 1.0+03 IR 1.0+94dR

0.00 U.00 0.000t

7.51+02 7.51+02 7.5.11,1,12

8.67+02 8.67+02 8.67.+12

1.23+03 1.23+03 1.23+03

1.42+03 1.42+03 1.42+03

4.09..14 0.00 0.00

2.66+01 2.66+01 2.66+U1
1.43+03 1.43+03 1.43+03

3.67-02 3.34-U1 3.30+00
1.49+03 1.49+03 1.49+03

0.0U 0.00 0.00
4.96+01 4.96+01 4.96+01
1.43+02 1.34-07 u.uu

2.16-05 2.03-14 0.00 ,

1.34+03 1.49+03 1.99+03

1.40+03 1.40+03 1.40+00
1.24+03 1.24+03 1.24+03

0.0U 0.00 0.00

0.00 0.00 U.OU

1.22+03 1.22+U3 1.22+03

0.0U 0.L0 0.00

1.03+03 1.03+0.1 1.03+03

1.24+00 1.24+133 1.24+03

4.52+00 4.52+00 9.52+UO

b.00 0.00 U.OU

1.03+03 1.03+03 1.03+00

6.21-37 0.00 0.00

0.00 0.00 0.00
i.07+02 9.07+02 9107+02

7.13+02 7.18+02 7.18+02

6.71+02 6.71+02 6.71+02

0.0U 0.00 0.00
1.15-09 0.1.10 U.00
4.92+02 4.92+02 4.92+02

4.22+02 4.2+02 4.22+02

0.00 U.u0 0.00

u.00 0.00 u.00
3.9S..01 3.9b+01

3.59+02 3.59+02 3.59+02

2.40+02 2.40+02 2.40+U2

1.0+u5 YR

0.01.1

7.51+02

8.67+02

1.23+03

1.42+03

0.00

2.66+01

1.41.1+03

3.27+01

1.49+03
0.00

4.96+01

000L

0.00
1.49+03

1.40+113
1.24+03

0.60

0.00
1.22+03

O.UU
1.03+03

1.24+03

4.52+00

0.00
1.03+03

0.00
0.00

9.07+02

7.18+02
6.71+02

0.00
0.0U

4.92+02
4.22+02

0.00

0.00

3.95+01

3.55+02

2.40+02

1.0+06 YR

0.00

7.51+02

8.67+02

1.23+03
1.42+03

U.00
2.66+01

1.14+03
2.95+02
1.49+03

6.0u
4.96+01

0.00

U.00

1.49+03

1.4U+03
1.24+03

0.0U

0.00
1.22+03

u.00
1.03+03

1.24+03

4.52+On

0.00
1.03+03

0.00
0.00

9.07+02

7.18+02

6.71+02

0.00

U.00
4.92+02
4.22+02

u.OU

0.00
3.95+01

3.59+02

2.40+02

1.0+U7 YR 1.0+08 YR 1.0+09 YR

O.UO 0.00 0.00

7.SI+02 7.51+02 7.51+02

8.67+02 6.67+02 8.67+02

1.23+33 1.23+03 1.23+03

1.42+03 1.42+03 1.42+03

0.00 0.00 0.00

2.66+01 2.66+01 2.66+01

1.42+02 1.33.07 0.00

1.29+03 1.43+03 1.43+03
1.49+03 

1.49+03 
1.49+03

0.00 0.00 0.00
4.96+01 4.96+01 4.96+01

0.00 0.00 0.u0

0.U0 U.OU 0.00

1.49+03 1.49+03 1.49+03

1.40+03 1.40+03 1.40+03

1.24+03 1.24+03 1.24+03

0.00 0.00 0.00

0.00 0.00 U.00

1.22+03 1.22+03 1.22+03

0.00 0.00 0.00

1.03+03 1.03+03 1.03+03

1.24+03 1.24+03 1.24+03

4.52+00 4.52+00 4.52+00

0.00 0.00 0.00
1.03+03 1.03+03 1.03+03

0.00 0.00 0.00

0.00 U.00 0.00

9.07+1_12 9.07+02 9.07+02

7.18+U2 7.18+02 7.18+02

6.71+02 6.71+02 6.71+02

0.00 0.00 0.00

0.00 U.OU 0.00

4.92+02 4.92+02 4.92+02

4.22+02 4.22+02 4.22+02

0.00 0.00 0.00

0.00 0.00 0.00

3.95+01 3.95+01 3.95+01

3.69+02 3.59+02 3.59+02

2.40+02 2.40+02 2.40+02



POWER

PROPERF/E5 AFTER SEPARATION

49.27 MW. BURNUP = 37112000. FLUX.. 2.32+15N/CM6.12-SEC

NUCLIDE CONCENTRATIONS. GRAMS
BASIS + MT HEAVY METAL CHARGED TO REACTOR

CHARGE SEPARATION 1.0+00 YR 1.0+01 YR 1.0+02 YR 1.0+03 YR
5M150 0.00 2.76+01 2.78+01 2.76+01 2.76+01 2.78+01
SMI51 0.00 2.07+02 2.06+02 1.92+02 9.36+01 7.21-02
EU151 0.00 2.07+00 3.71+00 1.80+01 1.16+02 2.09+02
SM152 0.00 1.88+02 1.80+02 1.88+02 1.88+02 1.88+02
EU152 0.09 8.82-02 8.32-02 4.95-02 2.74-04 7.33-27
GDI52 0.00 4.58-02 4.72-02 5.67-02 7.04-02 7.05-02
EU153 0.00 1.07+02 1.07+02 1.07+02 1.07+02 1.07+02
G0153 0.00 1.80-04 6.31-05 5.15-09 0.00 0.00
511154 0.00 8.46+01 8.46+01 8.46+01 8.46+01 3' 41)+01
EU159 0.00 9.79+0D 9.37+00 6.35+00 1.29-01 1.51-18
GDI59 0.00 9.30-01 6.45-01 3.87+00 1.01+01 1.02+01
EU155 0.00 3.91+01 2.67+01 8.51-01 9.22-16 0.00
GDI55 0.00 2.17+01 3.41+01 6.00+01 6.08+01 6.08+01
EU156 0.00 2.27-02 1.06-09 0.00 0.00 0.00
GDI56 0.00 9.58+01 9.58+01 4.58+01 4.58+01 4.58+01
GD157 0.00 2.64.01 2.64+01 2.64+01 2.64+01 2.64+ Ul
G0158 0.00 1.92+01 1.92+01 1.92+01
TB159 0.00 9.73+00 4.73+00 9.73+00
G0160 0.00 5.51+00 5.51+00 5.61+00 5.51+00 5.51+00
TB160 0.00 1.06-01 3.17-03 6.01-17

01.TC21 
0.00

DY160 0.00 1.02+00 1.12+00 1.12+00 +00 1.12+00
DY16 1 0.00 3.24+00 3.29+00 3.24+00 3.29+00 3.24+00
G0162 0.00 1.10-06 5.98-07 1.07-09 8.77-37 0.00
TB162m 0.00 1.56-11 7.81-12 1.53-14 0.00 0.00
DY162 0.00 1.69-01 1.69-01 1.69-01 1.69-01 1.69-U1
DY163 0.00 1.26-03 1.26-03 1.26-03 1.26-03 1.26-U3
DY164 0.00 3.78-05 3.78-05 3.78-05 3.78-05 3.78-05
H0165 0.00 2.15-07 2.15-07 2.15-07 2.15-07 2.15-07
ER166 0.00 6.97-09 6.97'4)9 6.97-09 6.97-09 6.97-09
ERI67 0.00 3.71-11 3.71-11 3.71-11 3.71.-11 3.71..11
SUBTOT 0.00 3.81+04 3.81+04 3.81+04 3.81+04 3.81+04
TOTAL 0.00 3.81+04 3.81+04 3.81+04 3.81+09 3.81+04

1.0+04 YR
2.78+01
5.29-33

2.10+02

1.88+02
0.00
7.05-02
1.07+02
0.00
8.46+01
0.00

1.02+01

1:.1)).g:+01

c4,Z+01

2.64+01

9.;;++113)0
5.51+00

1:1".N+00
3.24+00
0.00

091.69-01
1.26-03
3.78-05
2.15-07
6.97-09
3.71-11
3.81+04
3.81+04

1.0+05 YR 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09 -YR
2.78+01 2.76+01 2.78+01 2.78+01 2.76+01

0.00 0.00 0.00 0.00 0.00
2.10+02 2.10+02 2.10+02 2.10+02 2.10+02
1.88+02 1.88+02 1.88+02 1.88+02 1.88+02
0.00 0.00 0.00 0.00 0.00

7.05-02 7.05-02 7.05-02 7.05-02 7405-=02-
1.07+02 1.07+02 1.07+02 1.07+02 1.07+02
0.00 0.00 0.00 0.00 0.00
8.46+01 8.46+01 8.46+01 8.96+01 8.46+01
0.00 0.00 0.00 0.00 0.00
1.02+01 1.02+01 1.02+01 1.02+01 1.02+01
0.00 0.00 0.00 0.00 0.60
6.08+01 6.08+01 6.08+01 6.08+01 6.08+01
0.00 0.00 0.00 0.00 0.00
4.58+01 4.58+01 4.58+01 4.58+01 4.58+01
2.64+01 2.64+01 2.64+01 2.64+01 2.64+01
1.92+01 1.92+01 1.92+01 1.92+01 1.92+01
9.73+00 9.73+00 9.73+00 9.73+00 9.73600
5.51+00 5.51+00 5.51+00 5.51+00 5.51+00
0.00 0.00 0.00 0.00 0.00
1.12+00 1.12+00 1.12+00 1.12+00 1.12+00
3.24+Or 3.24+00 3.24+00 3.24+00 3.24+00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 -
1.69-01 1.69..01 1.69-01 1.69.01 1.69-01
1.26-03 1.26-03 1.26-03 1.26_03 1.26.03

3.78-05 3.78-05 3.78-0s 3.78_05 3.78-05

2.15-07 2.15-07 2.15-07 2.15-07 2.15-07
6.97-09 6.97-09 6.97-09 6.97.09 6.97-09

3.71-11 3.71-11 3.71-11 3.71-11 3:71;41 -
3.81+04 3.81+09 3.81+04 3.81+09 3.81+04
3.81+04 3.81+04 3.81+04 3.81+04 3.81+04



H

SE
KR

RB
RB

SR

SR

Y

ZR

NB
LR

N6
N6

AI FULLOW7ON PR9PERTIES AFTER SEPARATION

p0AER = 49.27 Plu. BURNUP = 37I12.MnD, FLUX= 2.32+15N/Cm40•2-SEC

3

79
85

86

87

69

90
90

91

93

93M

95

95M
95

TC 99
R0103

RH1L3M
R0106

RH106
PD107

AG1U9M

CD109

AGIIOM
AG110
C0113m

INI14m

IN114

CDI15m

SN117M

SN119M
SN12Im

SNI23M
TE123m

SB124

5N125

,S6125

TE125m

SN126

56126M

SB126

CHARGE

0.30

U.00

0.00

0.U0
0.00

0.00

O.U0

0.00
0.00

0.00
U.00

0.00

0.00
0.00

0.0U

0.00

0.00
0.00

U.UU

0.00

u•o0

a.uo

o.o0
0.00
u.uu

0.00

o•ou

0.00

0.00
0.1)0
o.00

o.uo

0.00

0.00

0.00

0.00
0.00

O.U0
0.L0

U.00

SEPARATION 1
1.05+03

5.90-01
6.46+u3

1.48+02
1.46_05

2.54+05

4.72+04

4.73+04

4.20+05

1.57+UU

1.02-01
8.54+05

1.81+04
1.41+06

1.64+01

5.69+0b

5.09+05
1.15+06

1.15.,u6
2.66_01

1.96-05

1.96-05

7.85+02

1.02+02

9.31+Ul
4.93.01

4.76-01

5.82+02
1.65-01

1.56+02

7.87-03

1.13+U4

2.19+00

4.46+02

7.97+01

2.45+04

9.54+03

1.40+00
1.40+Ou

3.92+01

.0+00 YR

9.92+02

5.90-01

2.94+03
1.96-04

1.48-05

1.96+03

4.61+04

4.61+04
5.67+03

1.57+00
1.7S-01

1.74+0.4

3.69+02

3.83+U4
1.64+01

8.53+U2
8.54+02

5.77+05

5.77+d5

2.66-01
1.12-05

1.12-05

2.69+02

3.75+01
6.86+ul

3.12-03

3.01-03
1.62+00

2.32-09
5.65+01

7.80-03
1.49+03
2.52-01

6.57+00

1.61-10

1.89+04

7.84+03

1.40+00

1.40+00
1.38+00

•

1.0+01 YR

5.92+02

5.90-01
4.45+03

3.00
1.48-05

1.e4-16

3.69+04
3.69+04

5.48-14

1.57+00

6.86-01

1.05-11

2.22-13

2.22-11
1.64+01

8.C7-23

8.88-23

1.16+0:1

1.16+03

2.66-01

7.35-0E.

7.35-08
3.55-02

4.61-03

5.67+01
5.11-23

4.93-23

1.59-23

0.00
6.24-03

7.15-03

1.81-05

8.83-10

2.13-16

0.00

1.88+03

7.79+02

1.39+00

1.39+00
1.38+00

NUCLIDE RADIOACTIVITY, CURIL5

= MT HEAVY METAL CHARGED TO REACTOR

1.0+02 YR

3.75+00

5.9U-01

1.38+01

0.00
1.48-05

0.00
4.01+03

4.01+03

0.00
1.57+00

1.56+00

0.00

U.00

0.00
1.64+01

0.00

0.0J
1.28-24
1.28-24

2.66-01

O.U0

U.OU
0.00

0.00
6.59-01

0.00

U.00

0.00
0.0U

0.00
3.16-03

11.00

0.00
0.00

0.00

1.75-07

7.24-08

1.39+00
1.39+00

1.38+00

1.0+03 Yk
3.52-22

5.84-01
1.15-24

0.00
I.48-us

0.u0

9.20-37
9.20-07

0.00

1.57+06
1.7+00

0.00

0.00

0.00

1.64+01

0.60
G.L.0

O.UE
0.00
2.66-01

0.0L

0.1M
0.00

'0.00
2.96-20

0.60

0.00

0.00
0.00

0.00

8.63-07

0.0U

0.00
0.00

O.U0

0.00

O.UU

1.39+00

1.39+Uu
1.37+00

1.0+04 YR

0.00
5.31-01

0.00
0.00
1.48-0S

0.00

0.00
0.00

(J.0(3

1.56+uo
1.56.00

u.o0
u • 00

u.00

1.5Y+ul

c.00
u.00

u.00

u.00
2.66-ul

u.00

u.00
0.00

0.00

u.uu
0.0o

n.00
0.00

u.o0
o.00
u.00

11.00
0.00

o.00

u.00

u.00

0.00

1.30+00
1.3o.uo

1.29+00

1.0+05 Yk 1.0+06 YR 1.0+07 YR

0.00 0.00 0.u0

2.03-UI 1.38-05 0.00

0.60 0.00 0.00

0.66 0.00 0.00

1.48-US 1.48-05 1.48_05

0.00 U.00 0.00

0.00 U.00 O.UO

0.00 U.00 0.00

O.UU 0.00 0.60

1.50+00 9.87-01 1.54-02

1.50+00 9.87-01 1.54-02

0.00 0.00 0.00

0.00 0.00 0.00

0.130 0.00 0.00

1.18+01 6.25-01 1.04-13

U.Ub u.00 O.U0

o.uu U.OU 0.00

O.U0 0.00 0.00

0.00 0.0U 0.00

2.64-01 2.4 1 01 9.89-02

0.0u 6.00 0.00

0.00 0.00 0.00

0.00 0.0U 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 6.0U 0.00

0.00 6.00 0.00

0.00 U.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

O.UU u.00 0.00

0.00 0.00 0.00

0.0U 0.00 0.00

0.00 0.00 0.00

6.98..01 1.36-03 0.00

6.98-01 1.36-03 0.00

6.91-01 1.35-03 0.00

1.0+05 YR

0.00

0.00
0.00

0.00
1.45-05

0.00

0.00

0.00
U.00
1.35_20

1.35-20

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

1.34.05

0.00

0.00

0.00
0.00
0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

1.o+u9
0.00

0.00
0.00

0.00
106_05

o.00

u.00
0.00
0.00

o.00

0.00

o.uo

O.00
0.00

0.00

0.00

o.00
o.uo
0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00
0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

YR



Al

POWER

F01-101.0N_

cHARGE
1.1127M 0800
TEI27 0.00
TEI29m

TE129

1129
1131

XEI31M
CS134
CS135
CS136

CSI 37
BA137m

A1 40
LAI40

CE141
R143

E144
R1N4
DI47

PM147

MI4BM
M148

SM151

EU152
GD153

V1S4
11155

V156

TB160
0162
TB162m

UBTOT

TOTAL

00410
0000

0000
0000
0000
0.00
0000
0800

0800
0.00
0.00
0•00

0000
0000

0000
0.00

0000
0000

0000
00110

0.00
0000

0000
0.0D

0.00
00110
0.00
0.00

0.00
0.00

0000

_PROPERTJ15_AfIER_WARATION

49.27 MN, BURNUP • 37112,MRD, FLUX° 2.32.15N/Cm•92-SEC

SEPARATION
2.02+04
2.00+04

2.56+04

1•64+04

3.90.02
2.30+03
4.81+02

2.55+04
1•26+00
1.05+03
"26.05

1817+05
1.65+04

1.90+04

2.67+05
2.21+09

1•01+06
1.01+06

3.29+03
3.29+05

1•19+04
9.55+0Z
5.65+03
1.73+01

6,34.01

1.42+03

4.99+04
I•27+03

1.20+03

2.42-03

2.42.03

9.53+06
9,53.06

NUCLIDE RADIOACTIVITY, CURIES
BASIS a MT NEAVY METAL CHARGED TO REACTOR

1.0+00 YR 100+01 YR

1098+03 1866.06

1096+03 1•64.04

1050+01 0.00

9060+00 0.00

3•92..02 3.92-02

5.100.11 0000
2.52.07 0.00

1.82+04 8.69+02

1.26+00 1.26+00
3•69.06 0.00
1.23•05 9897+0
1•15+05 9832+04
4.26-05 0,00

4.90-05 0.00

1.08+02 0.00
2.09-09 0.00
4.1 44.05 1036+02

4.1"" 
1.36+02

4.11.07 0.00
2.53+05 2.34+04

2•87+01 7098-23

2.30+00 6.41.24

5,60+03 5.22'003
1.63+01 9.70+00
2,23.01 1.82-05
1.36+03 9.21+02

3.40+04 1.08+03
5.94.05 0.00

3,584.01 6.80-13

1021..03 2.37.06

1.21..03 2037+06
2.73+06 3.09+05

2.73+06 3.09405

1.0,02 YR

0.00
0000
0000
0000
3.92-02

0.00
0.00

5.320•11
1,26+00

0.00
1,25+04

1.1 74.04

0.0U
0.00

00DU

0000
0000

0000
0.00
1.07.06

0.00
0.00
2.55+03

5,37.0i

0.00
1037.01
1.18.12

0.00
0000
0.00
0.00
3•48.0.0m

3.418.*01,

1.0+03 YR 100.04 YR 100.05

0.00
0.00

0.000
0000

3.92.02
0.00
0000
0.00
1.26+00
0000
1,1 7.05
1.09.05

0.00
0.00

0.00
0.00
0000
0000
0000

00(10
0000
0000
1.96.00

1.NN-29

0.00
2.20.16

0.00
0.00
0.00

0.00
0.00

2.70.01
2.78.01

YR 1.0'06 YR 1.0+07 YR 1.0+00 YR 1.040Y YR

0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.000.0U 

0.00

0.00
0.00 0.00 0.00 0.00 0.00 0.00

3.91-02 3.90.02 3,76.02 2,60-02 6,64.04 7.75.20

0.00
0.00

0.00 0.00
o.ao (:).136 0.00 0.00

0.00 
0.00
0.00 

0.00
0.00

1.25-01 1.17-10
0.00 

0.00
0.00

1.26+00 1.23+00 1.00+00 
0.00

0.00 0.00 0.00 0.00 

0.00

0.00
0.00

0.00 
0.00 

0000
0000 0.00 0.00
0.00

0.00 0800

0.00

0.00

0.00
0.00
0.00

0.00
0.00 0.00

0.00 0000

o.00

0.00 

0.00

0.00 0.00 0.00 

0000
0.00

0000 0.00 

0.00

U000
0.00 0.00

0800 0.00 0.00
0.00

0.00 
0.00

0000 
0.00

0•00

0000

0000 0.00 

0.00

0000 0.00
0.00

0.00 0.00

0.00 0.00 

0.00

0.00 0.00 0.00

0.00

0.00 
0.000.00 

0.00 0.00

0.00 0.00 0.00

0.00

0.00
0.00

0.00 0.00
0.00

0.00

0000
0.00 0.00

0000 0.00
0.00

0.00 0.00
0.00

0.00 0.00 
0.00

0.00

0.00

0.00

0.00 
0.00

0.00
0.00

0.00
0.000.0u

0.00 0.00 

0.00

0.00 

0.00

0.00

0.00 0.00 0.00 0.00 0.00

0.00 0.00

0.00

0.00 

0.000.00 0.00 0.00 0.00

0.00
0.00

0.00 

0.00

0.00 0.00
21050.01 IOUs+ 01 3.013.00 2.01.01 6693.04 1446.05

0.00

2050+01 14087.01 : 

0.00

0.00 0.00

:::+00 241.01 :::1394 1.46.05.



AI FOLLOW79R

POWER

CHARGE
H 3 0.00

SE 79 0.00

KR 85 O.U0

RB 86 0.00

RB 87 0.0U

SR 89 0.00

SR 90 L.00

Y 90 0.00

Y 91 0.00
IR 93 0.06

NE1 93M 0.00

ZR 95 0.00

NB 95M 0.00

NB 95 0.00

TE 99 0.00

R01113 0.00

RH1030 U.J0
RU106 0.00
RM106 0.00

P0107 0.00

AG109M 0.00
C0109 LI•00

AGIIUM 0.00
AG110 3.60

C01130 0.00

INII4M 0.00
IN114 a.00

CDI150 0.00

SNII711 0.00

SNI19M 0.00

$N1214 0.00

SNI23M 0.00

TE123M 0.00
58124 0.00

SN125 0.00
S8125 0.00

TE125m U.00
514126 0.00

58126M 0.00
5B126 0.00

RROPEKT1ES AFTER SEPARATION

49.27 Moo BURNUP * 37112.MADo FLUxm 2.32+15N/CM**2-SEC

hEPANATION

3.73-02

2.24-04

1.32+01

6.99-01

9.66-09

9.15+02

6.19+01

2.78+02
1.60+03
1.86_04

I.b1-05
4.4/+03

2.52+01

6.80+03

1.11-02
1.68+03

:%.424-412

1.214- J4

2.21-05

2.05-08
1.95-08
1.334.01

7.41-01

1.23-01
5.32-04

2.24-03

2.13+00

6.22-04

1.64-01

9.96-06

3.99+01

6.45-03
6.13+0u

5.06-01

9.93+01

1.64+01
1.50-u3

9.44-03

5.10-01

1.0+00 YR

3.53-U2

2.24-04

1.29+01

Y.25-07
9.66-09

7.04+00
6.04+01
2.71+02
2.16+01

1.86-04

3.11-05

9.10+U1
5.14-01
1.84+02

1.11-32

2.81+10

4.05-01
3.42+01

6.66+03

2.21-i5

1.12-08
1.12-08

4.88+00

2.72-al

1.17-U1
3.37-06

1.42-P5

5.91-03

8.74-12
5.96-02

9.89-06

5.26+00

7.41-04

9.03-02

1.02-12

7.68+01
1.35+01

I.5U-03

9.44-03

1.tiu-02

1

NuCL1DE THERMAL POrsER. oATTS

BASIS = MT MEAvY METAL CHARGE() TO REACTOR

.0+01 TR
2.12-02

2.24-04

1.23+00

0.00

9.66-09
6.64-19

4.84+01

2.12+02

3.23-16
1.86-04

1.22-04
5.48-14
3.69-16

1.07-13

1.11-02

2.92-25

4.21-26

6.89-02

1.22+01

2.21-05
7.66-11

7.31-11

6.60-04

3.35-05

7.50-02
5.51-26
2.32-25

5.81-26

0.00
6.58-06

9.11-06

6.41-08

2.60-12
2.93-18

0.00

7.62+00

1.34+00
1.50-03

9.43-03
1.80-02

1.0402 YR 1.0+03 YR

1.33-04 1.27-26

2.24-04 2.22-04

2.25-02 1.b7-27

U.(10 0.00
9.66-09 9.66-09

0.0U 0.00

5.25+0U 1.21-U9

2.36+01 5.42-09

0.00 0.00
1.86-04 1.86-04

2.77-04 2.78-04

0.00 0.0C

0.0U 0.00

U.01) 0.0P

1.11-02 1.11-02

0.00 0.00

0.0U O.U0
0.0U 0.00

1.35-26 0.00

2.21-05 2.21-05

0.00 0.00

U.U0 0.00

0.00 0.00

0.00 0.00

8.71-04 3.91-23

0.00 0.00

0.00 0.00
0.00 0.00

U.OU 0.00

0.00 0.00

4.01-06 1.09-09

U.00 0.00

0.0U 0.00
0.00 0.00

0.00 0•00

7.08-10 0.00

1.24-10 0.00

1.S0-03 1.49-03

9.43-03 9.37-03

1.8u-02 1.76-02

1.0+04 YR

U.OU
2.01-04

0.00

0.00
9.66-09

0.00

U.OU

0.00

(3.00
1.85-04

2.27-04

0.00

0.00

0.00
1.02-02

0.00

0.00

0.00
0.00

2.21-05

0.00

U.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1.40-U3

8.80-03

1.68-02

1.0+05 YR 1

0.00
7.71-US

0.00

0.00

9.66-09

0.00

0.00

O.U0

0.00
1.77-04

2.66-04

0.0U

0.00

0.00

8.00-03

0.00

0.00
0.00

0.00

2.19-05

0.00

0.60
U.00

O.U0

0.06

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00
0.0U

0.00
0.00

0.00

7.53-04

4.72-03
8.99-03

.0+06 YR 1.0+07 YR 1.0+08 YR

0.00 0.00 0.00
5.25-09 0.00 0.00

0.00 0.00 0.00

0600 o.00 0.00

9.66-09 9.66-09 9.65-09

0.00 0.00 U.00

0.00 0.00 0.00

0.00 0.U0 U.00

0.00 0.00 0.00
1.17-04 1.83-06 1.6U-24

1.75-04 2.74-06 2.40-24

0.00 0.00 0.00

0.0U 0.00 0.00

u.uU 0.0U 0.00
4.22-04 7.u6-17 0.00

0.00 0.00 0.00

U.00 0.0u 0.00

0.00 0.00 0.00

0.00 0.00 0.00

2.00-05 8.21-06 1.11-09

0.00 0.00 0.00

U.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.110

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00
U.OU 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

U.00 o.00 0.0u

1.42-06 0.00 0.00

9.23-06 0.00 U.Ou

1.76-OS 0.00 0.00

1.0+09 YR
0.00

0.00

0.00

0.00
9.53-09

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00
0.00
0.00

0.00

0.00

0.00

0.00

0.00
U.00

0.00

0.00

0.00

0.00

0.00



A1 POLLOWON„. PROPERTIO_AFTER SEPARATION

POWER = 49.27 MO, BURNUP = 321126MWD, FLUX.° 2.32+15N/C14.0.02.SEC

NUCLIDE THERMAL POWER, WATTS
BASIS w MT HEAVY METAL CHARGED TO REACTOR

CHARGE SEPARATION 1.0+00 YR 160+01 YR 1.0+02 YR 1 •0+03 YR l•0+04 YR 1.0+05 YR 1 .0+06 YR 1.0+0/ YR 1.0+08 ÝA 1.0+09 YR
TE127M 0.00 1.12+01 1.09+00 9.12+10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TE127 0.00 3.22+01 3.16+00 2.65-09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TEI29M 0.00 5.09+01 2.92.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TE129 0.00 5.92.01 3.49-02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1129 0.00 2.57-05 2.58.05 2.58.05 2.58.05 2.58.05 2.58.05 2.57.05 2.47-05 1.71-05 4.37-07 5.10-23

XE131M o.00 9.35-01 4.89.10 0.00 0.00 O.OU G.00 0.00 0.00 0.00 0.00 0.00
CS134 0.00 2.71+02 1.93+02 9.21+00 5.64.13 0.00 U.00 0.00 u.uu 0.00 0.00 0.00
CSI35 0.00 6.14.04 6.14.04 6.14.04 6.14.04 6.14.04 6.12..04 6.00.04 9.87-04 6.09-05 6.70-14 0.00
CS136 0.00 1.45+01 5.06.08 0.00 0.00 0.00 0.00 0.00 o.00 o.00 o.00 0.00
CSI37 0.00 2,05+02 2.01+02 1.63+02 2.04+01 1.91.08 U.00 0.00 0.00 0.00 0.00 0.00
BA132M 0.00 4.62+02 4651+02 3.66+02 4.58+01 4.29-08 0600 0600 o.ou 0.00 0.00 0.00
BAI40 U.00 5.511+01 1.42..07 0.00 0.00 0.00 C.00 0.0U 0.00 o.00 o.00 0.00
LA140 0.00 3.34+02 8.63-07 0.00 0.00 0.0G 0.00 0.00 o.ou 0.00 0.00 0.00
CEI41 0.00 5.26+02 2.13-01 0.00 0.00 0.00 0.00 o.on U.00 0.00 0.00 0600
PRI43 0.00 4.78+01 4.53.07 0.00 0.00 0600 U.00 u.uu 0.00 0600 0.00 0.00

CE144 0.00 8.26+02 3.39+02 i.11-01 0.00 0.00 0.00 0600 0.00 0600 0.00 0.00 -n

PR144 0.00 7.81+03 3.20+03 1.05+00 0°00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -P.
N0142 U.00 1.07+01 1.33-09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.00
PM147 O.U0 1.70+02 1•30+U2 1.21+01 5.53-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PMI48M 11•00 1.47+02 3.56-01 9.90.25 0.00 0.00 0.00 0600 0.00 0.00 0.00 0.00
PM148 0.00 7.24+00 1682.02 5.20.26 0.00 0.00 0600 0600 0.00 0.00 0.00 0.00
SM151 0.00 9.84+00 9.22+00 9.09+00 4.44+00 3.42.03 0.00 0.00 0.00 0.00 0.00 0.00
EUI52 0.00 3.10-01 2.92-01 1.24.01 9.61-04 2.57-26 0.00 0.00 0.00 0.00 0.00 0.00

GD153 0.00 9.13.04 3.21-04 2.62..08 0.00 0600 0.00 0.000 0.00 0.00 0.00 0.00
EU154 0.00 1.17+01 1.12+01 7656+00 1.53-01 1.80-18 U.00 0.00 0.00 0.00 0.00 0.00
EU155 0.00 4.20+01 2.86+01 9.13.01 9.89-16 0.00 0.00 0.0U 0.00 0.00 0.00 0600
EUI56 3.00 1.26+01 5.91-07 0.00 0.00 0.00 0.00 0000 0.00 0.00 0.00 0600

TB160 0.00 1.02+01 3.04.01 5.28+15 0.00 0.000 0000 0.000 0.00 0.00 0.00 0.00

60162 0.00 8,23.06 4611.06 8.05.09 U.00 0.00 U.OU 0.000 0.00 0.00 0.00 0.00

T8162M 0600 3.26-05 1.63-05 3.19.08 0000 0.00 0.00 0.00 0.00 0.00 0.000 6.60
SUBTOT 0.00 3.95+04 1614+04 8.64+02 9,092+01 4645.02 3.90-02 2.36.02 1.27-03 9.09-05 4.48.07 9.53-09

TOTAL 0.00 3.96+04 1.14+04 8.64+02 9692+01 4.45-02 3.90.02 2.036.02 1.27-03 9.09-05 4.48.09 9.53.09



AI FOLL04-00 PROPEkT1E5 AFTER SEPARATION

POER = 49.27 MA, BURNUP = 37112.HPD, FLUX= 2.32+15N/CM..2-SEC

NuCLIOE INHALATION HAZARD. M.413 OF AIR

8AiIS = MT HEAVY METAL CHARGED TO
AT kCG

REACTOR

H 3
SE 79

KR 85
RB b6

RB 87
SR 89

SR 90
Y 90

Y 91
ZR 93

NU 93H

ZR 95

NB 95M

148 95

TC 99
RU1U3

RH103m

RU106
RH106

PD107

AG169H
CD109

AG1100
AGI1U

CU113:1
114114m

1N114

CU115m

SNII7M

SN1190

SN121m

SN123H

TE1 23M
58124

5H125
5E1126

TE12m

SN126
5m126m

S8126

CHARGE

0•UO
0.00

0.00

0.00

0.00
0.00

U.00

0.00

0.00

0.00

0.00

0.130
0.110

0.00

0.00

001id

0.60

0.00

0.00

l).U0

0.00

0.00
0.011

U.L10
0.00

0.00

0.00

0.00
0.00

0.J0

0.0U

0.00
0.00

0.00
0.00

0.6U

0.00

0.00

0.00

SEPARATION
5.25+09

1.48+08

2.82+10

7.40+10

7.41+03
8.4b+14

1.57+15

1.58+13

4.20+14

3.92+08

2.55+07

8.54+14

-1.81+04

4.71+14

8.21+39

1.70+14

2.55+11

5.75+1

-1.15+06

1.33+06

-1.96-0,

9.81+03

2.62+12

-1.02+02

-9.31+01
7.05+08

-4.76-01

S.b2+11

-1.65-01

-1.56+02

_7.87_03

-1.13+04

-2.19+00
6.37+11

2.66+10

2.72+13

2.38+12

6.98+08

-1.4U+UU

-3.92+01

1.0+00 YR

4.96+09
1.Afb+08

2.65+10

9.79+04

7.41+03
6.52+12

1.54+15
1.54+13

5.67+12
3.92+08
4.37+67

1.74+13
-3.69+02

i.28+13

b.21+09
2.84+11

4.27+08

2.88+15
-5.77+65

1.33+J6

-1.12_05

5.61+o3

9.63+11

-3.75+01
-M.86+01

4.46+06

-3.01-03

1.62+09
-2.32-09

-5.6S+01

-7.80-03

-1.49+03

-2.52-01
9.38+09

5.37-02

2.10+13

1.96+12
6.911+08

-1.40+00

-1.38+00

1.0+01 YR

2.99+09

1.48+08

1.48+10

0,, C0
7.41+03

6.15-07

1.23+15

1.23+13
8.48-05

3.42+06

1.72+08

1.0-02

-2.22-13

7.41-03

8.21+09

2.96-1W
4.44-17

5.81+12
-1.16+03

1.33+06

-7.35-08

3.67+01

1.18+08

-4.61-03

-5.67+01
7.29-14

-4.93-23

1.59-14

0.00
-6.24-03

-7.18-03

-1.81-05

-8.83-10
3.0-07

2.09+12

1.95+11

6.97+08
-1.39+ou

-1.38+00

1.0+02 YR
1.82+07

1.47+08

4.61+07

0.00

7.41+03

0.00
1.34+14
1.34+12

L.00
3.91+0/3
3.89+08

0.00

0.00

6.00

6.21+09

0.06

0.00

6.41-15
-1.28-24

1.33+06

6.00
c.uU

0.00
0.00
-6.59_01

6.01.1

(;.Uu
(J.0u

0.13U

6.00
-3.16-03

0.00
0.00

0.00

0.00
1.94+02

1.81+01

6.97+08

-1.39+00

-1.38+00

1.0+03 YR
1.78_15

1.46+08

3.83-18

U.U0
7.41+03
0.0n

3.07+04

3.07+02

0.00
3.91+U8
3.91+08

0,0U0
0.00

0•00
8.18+U9

0.06

00GO

(10(10
0.00
1.33+06

O.U0
0.u0

0.00
0.00

-2.96-20
0.00
0.1)0

0.06
0.00

0.0U
-8.63-0/

0.00
U.00

0.0U

0.u0
0.00

0.00

6.93+08

-1.39+00

-1.37+00

1.0+04 YR

0.00
1.33+u8

u.n0

0.00

7.s1+03

0.00

0.uu

u.00

0.00
3.90+08
3.90+01

0.00

0.00

U.u0

7.95+09

0.00

U.00
U.0O

u.00
1.3.3.1.u6

0.00
04,00

0.00

0.130
U.00

u.00

U.00

0.00
0.00

0.00
0.00

0.00
U.00

0.00

6.00
0.00

U.00
6.51+08
-1.30+00

-1.29+00

1.0+05 YR

0.00
5.08+07

O.OU
0800

7.41+03

0.0U

0.00

0.00

0.00
3.74+U8
3.74+0h

0.uU

0.00

0.00
5.92+09

0.0u

o.uu

0.00

0.00
1.32+06

0.uu

0.0u

0.uu
0.0u

0.UU
0.u0

0.00

0.uu

0.00

0.00
O.OU

0.00

0.1.1U

0.00

0.00
0.0u

0.00

3.49+08

6.98-o1
6.91-01

1.0+06 YR

0.00
3.46+03

0000

0000
7.41+03

0.00

6.00
0.00

U.00
2.47+08
2.47+08

u.u0

u.00
0.0U

3.12+08

0.00

0.00

0.00

0.00
1.21+06

0.00
0.0U

0.00

0.00
0.0u

0.00

0.00
0.00

0.00

0.0U
0.00

0.00

0.00
0.00

0.00

u.00
0.00

6.82.05
-1.36-03
-1.35-03

1.0+U7 Yk

0.00
0.00

0.00

0.00

7.41+03
0.60

O.UU

0.00

0.00
3.86+06
3.86+06

0.u0

0.6.0

0.00

5.22-05

0.00

U.00

0.00

0.00
4.94+05

U.00

0.00

0.uU
0.00

0.00
o.uo

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00

o.u0

0.00

0.00

0.00
0.00
0.00

1.0+08 YR

0.00

0.00

3000

0.00

7.40+03
0.00

0.00

0.00

0.00

3.38-12
3.38-12

o.00

U.00

3.00
0.00

0.00

0.00

0.00

0.00

6.68+Ul

0.00

0.00
0.00

0.00

0.00
0.00

0.0U

0.00
0.00

0.00
U.00

0000
0.00

0.00

0.00

0.00
0.00

0.00
0.00
0.00

1 .0+119 YR

0.00
0.00
0.00

0.00
7.31+03

0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

0.00
0.00

0.00

0.00
0.00

0.00

0.00

0.u0

0.00

0.00

0.00

0.00

0.00



AI FOLLOW-0N_ PROPERTIES AFTER SEPARATION

POWER ge 49.27 MW, BURNUP = 37I12.MWD, FLUX, 2.32+15N/CMoo2-SEC

NUCLIDE INHALATION HAZARD, M•403 OF AIR
BASIS = MT HEAVY METAL CHARGED TO

AT RCG

REACTOR

TEI27M
TE127

TE129m

TEI29
1129
j131

XE131m
CS134
CS135

CS136

CSI37
8A137m

BAI40

LA140
CEI41

PR143
CE144

PR144

NDI47
PMI47
PMI48m

PMI48
SM151

EU152
GD153

EU154

EU155

EU156

T8160
TR161

GD162

78162m

SUBTOT

TOTAL

CHARGE

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0..00
0.00
0.00

0.00
0.00
0•00
0.00
0.00

0.00
0•00

0..00

SEPARATION

2.02+13
6.67+11

2.S6+13

1.64+11

1.95+09
2.30+13

1.20+09
6.39+13

4.21+08
1.76+11

2.51+14
-1.17+0s

1.65+13

4.74+12
5.35+13

3.68+12
5.05+15

-1.01+06

4.11+11
1.65+14

-1.19+04

-9.55+02
2.82+12
4.32+10

2.11+08
I • 42+13

1.66+13

-1.27+03
1.20+12

-6.78-01
-2.42-03

-2.42-03
1.58+16

1.58+16

1.0+00 YR

1.48+12
6.54+10
1.50+10

9.60+07
1.96+09

5.10..01

6.29..01
4.55+13

4.21+08

6.15+02
2.45414

..1.15+05

4.26+04
1.224.0y

2.16+10

3.48+04
2.07+15

-4.14+05

5.13+01
1.26+14

-2.87+01

-2.30+00
2.80+12

4.08+ID
7.43+07

1.36+13

1.13+13
-5.94-Ds

3.58+10
-7.44-17

-1.21-03

-1.21-03
7.02+15

7.02+15

1.0+01 YR
1.66+03

5018+01

0.00
0.00
1.96+09

0.00
0.00
2.17+12
4.21+08

0.00
1.99+14

-9.32+04

0.00

0.00
0.00
0.00
6.80+11

.1.36+02

0.00

1.17+13
-7.48-23

-6.41-24
2.61+12

2.43+10
6.06+03

9.21+12
3.62+11

0.00

6.80-04

0+00
-2.37-06
-2.37-D6
1.48+15

1.qa+15

1.0+02 YR

0.00
0.00

0.DU

0.00
1.46+09

0.00

0.00
14,33-01
4.21+08

0.00
2.49+13

-1.17+04

0.00

0.00
0.00
0.00
0.00

0+00
0.00
5.36+02

0.00
0.00
1.27+12
1.34+08

0.00
1.87+11
3.92-04

0.00
0e00
0.00
0.00
0.00
1.61+14

1.61+14

1.0+03 YR

0.00
0.00
0.00
0.00
1.94+09
0.00

0.00
0.00
4.21 4'08

0.00
2.33+04

-1.09-05

0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00

0.00
0.00
9.81+08
3.54-1G

0.00
2.20-06

0.00
0.00
0.00
0.00

0.00
0.00

1.32+10

1.32+10

1.0+04 YR

0.00
0.00

0.00
0.00
1.96+09
0.00

0.00
0.00

4.20+08

0.00
0.00
0.00

0.00
0.00

0.00
u.o0

0.00
0.00
0.00
U.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
1.19+10

1.19+10

1.0+05 YR

0.00
0.00
0.0U
0.00
1.95+09

0.00

0.00
0.00
4.11+08

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00

0.00

0.00
0.00
9.43+09
9.43+04

1.0+06 YR

0.00
0.00
0.00

0.00
1..88+09

0.00

0.00
0.00
3.34+08

0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00

0.00
3.02+09

3.02+09

1.0+07 YR

0.00
0.00

0.00
0.00
I • 30+09
0.00

D.00
0.00
4.18+07

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00

0.00

0.00
1.35+09
1.35+09

1.0+08 YR

0.00
0.00

0.00
0.00
3.32+07

0.00

0.00
0.00
3.91-02

0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
3.32+07

3.32+07

1.0409 YR

0.00
0.00

0.00
0.00
3•8709

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00

0.00

0.00
0.00
7.31+03

7.31+03



AI FULLOW-ON PRUPEHT1L5 AFTR SEPARATION

POAER = 49.27 OW, bURNUP = 37112.MA0, FLUX= 2.32+15E1/CH.62-SEC

NuCLIUE INGESTION HAZARU 0 meiO3 OF WATER AT RCG

BASIS = hT HEAVY METAL CHARGED TO REACTOR

H 3
SE 79

KR 85
Rg ae,
RB 87
SR 89

SR YU
Y 90
Y 91

ZR 93

NB 93M

ZR 95
NB 95M

NB 95

TC 99
RU103

RH1C3M

RU106
RH1U6

PC107

A6109A

CD109

A81100

AG110

AG111
C0113N

1N114m

1N114

C011511
SM117m
SN119h

5N121M

5N123ri

TE123M

S8124

SN125
58125

TE125M

5M126

S8126M

ChAc,ciE

0.00

0.0U
0.o0

0.00

0.0U

0.00

ooli0

0..00

U•UU

0.00

O.U0

0•00

0•110

U.UU
j.00

N.J0

U.J0

J.00

U.00

0.up

0.00
0.CU

d.OU

0.00

0.00

O.U0
J.UU
0.0U

0.uU

0.0U

0.60

0.E40

0.00
0.00

U.UU

CI.U0
0.011

SEPARATIUi.
3.50+05

1.48+02

-8.46+U3

7.40+06

1.48-01
8.48+10

1.57+11
2.36+09

1.q0+16

1.96+03

2.55+02

1.42+10
-1.d1+U4

1.41+10

6.21+04
6.36+09

5.09+07

1.15+11
-1.15+06

2.06+02

-1.96-05

9.81-U2

2.62+07
-1.02+02

9.03+LI5

-9.31+U1

2.47+04
-4.76-01
1.94+07

-1.65-01
-1.56+02

-.1.13+04

-2.19+00

2.23+07

3.98+06

2.45+06

9.54+07
3.49+03

-1.40+00

1.04.00 YR
3.31+05

1.48+02

-7.94+03

9.79+00

1.4d-U1
6.52+0g

1.54+11

2.30+09

1.89+08

1.96+03

4.37+02

2.90+08

..3.69+02
3.83+0g

E.21+04

1.07+.)7
8.64+04

5.77+10
-5.77+05
2.66+02

-1.12-05

5.61-02
9.63+06

-3.75+01
1.99-09

..8.86+01

1.56+02

-3.01-03
5.39+04

-2.32-09

..5.65+01

-1.49+33

-2.52-01
3.28+05

8.05-06
1.89+0g

7.84+07

3.49+03

-1.40+00

1.n.LI YR
1.99+05
1.48+02

-4.45+03

0.0(J

1.48-01

6.15.-11

1.23+11

1.85+09

2.83-09

1.96+03

1.72+03

1.74-07
-2.22-)3

2.22-.07

8.21+114
1.11-1d

8.68-21

1.164.08
-1.16+03

2.66+02
-7.35-08

3.67-04
1.18+03

-4.61-03

U.00
...5.67+01

2.55-18
-4.93-23

5.29-19

0.60
-6.24-03

-7.18-03

-.1001-U5
-8.d3-10

1.07-11

0.00
1.88+07

7.79+06

3.49+03

-1.39+00

1.0+02 YR
1.25+03
1.47+02

-1.38+01

0.00
1.48-01

D.U0
1.34+10
2.01+08

0.00
1.96+03
3.89+03

0.00
0.00
0.00
8.21+04

0.0U

u•OU
1.28-19

•..1.28-24

2.66+02

0.00

O.U0
0.00

U.00
u.nu

00POU

0.0U

0.00
0.00

0.00

0.00

0.00
U.OU

0.00
1.75-03

7.24-04
3.49+03

..1.39+00

1.0+03 YR
1.19-19

1.46+02

0.110

1.48-01

0.00
3.07+0u

4.6b..02

0.(10

1.96+03

3.91+03

0.110

0.00

0.00

O.U0
0.00

0.00

0.00
2.66+02

0.00
0.00

O.00

0.140

0.00

0.00

0.00

0.00

0.00

O.00

0.00
0.00

0.00

0.00

0.00

0•UU
3.46+03

..1.39+U0

1.0+114 YR
h.00
1.33+02

0.00

0.00
1.46-01

U.00
C.00

0.00

0.00
1.95+03

3.90+03

0.00

0.00

U.00
7.95+04

U.00
'0.00

U.00

0.00
2.66+02

U.00

U.00
0.00

0.00

0•00

D•00

0.00

U.UU
0.00

0.00
0.00

0.00

0.00

0.00

U.00

0.00

0000

0.00
3.25+03

1.30+00

1.0+05 YR

U.UU

5.08+01

U.00

0.00

1.48-01

O.UU

0.00

U•00

0.00

1.87+03
3.74+03

U.UU
0.00

0.00
5.92+0

O.U0

0.0U

0.0U

0.00

2.64+102

0.00

0.00

0•OU
0.00

O.UU

0.00

0.0U

0•UU
0.00
0.00

0•UU

U•UU

0•OU

0.00

0.00

0.110
O.UU

0.,U0
1.74+03

-6.9d-01

1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09 YR

0.00 0.00 UoU0 0.00

3.46-03 0.00 0.00 0.00

0.00 0.00 0•00 0.00

0.00 0.00 0.00 0.00

1.48-01 1.48-01 1.48-131 1.46-01

0.00 0.00 0.00 0.00

0.00 0.U0 0.00 0.00

0.00 0..00 0.0a 0.00
0.00 0.1A J.clu 0.00
1.23+03 1.Ÿ3..u1 1.69-17 0.00

2.47+03 3.86+01 3.38.-17 0.00

U.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

U.00 0.00 0..00 0.00

3.12+03 5.22-10 0.00 0.00

0.00 0.00 0.00 0.110

U.00 0.00 0.00 0.00

0.00 0•LIO 0.00 0.00

0.00 0.00 0.00 0.00

2.41+02 9.89+0I 1.34-02 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.0U 0.00 0.00 0.00

0.00 O.U0 0..00 0.00

0.00 0.00 0.00 0.00

0.00 0.U0 0.00 0.00

o.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.u0 0.00 0.00

0.00 O.U0 0.00 0.00

U.OU o.uo 0.00 o.00

0•UU 0.00 0.00 0.00

0.00 0.00 6.00 0.00

U.U0 0.00 0.00 0.00

0.00 0.0U 0.0U 0.00

U.00 0.00 0.00 0.00

U.OU 0.00 U.OU 0.00

0.00 0.00 0.00 0.00

3.41+00 O.U0 0.00 0.00

1.36-03 0.00 U.OU 0.00



Ai FULLORON._ PROPLRJ1E5, AFTER SEPARATION

POWER = 49.27 MW. BURNUP

CHARGE
S8126 0.00
TEI27M 0.00
TE127

TE129m

TE129
1129

1131
XE131M
xE133

CS134
C5I35
Cs136

cs137
8A137m

BA140

LA140

CE1 41
PRI43
CL144
PR144

ND147
Pm147
PM148m
pm148

SM151
EU152
G0153
EU154
EU155
EU156

T8160
TB161
G0162
TB162m

SUBTOT
TOTAL

D• 00
n.00

0.00
0.00
0.00
0.00

9.u0

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00

0.00 .
0.00

SEPARATION
-3.92+01

4.05+08
1.00+08

1.28+09

2.05+07

6.50+05

7.68+09
-4.81+02
-2.08+01
2.84+09
1.264'04
1.76+07
6.28+09

-1.17+05
8.24+08
9.48+08

2.97+09
4.41+08

1.01+11
-1.01+06

5.48+07
1.65+09

-1.19+04
-9.55+02
1.41+07

2.16+05

3.17+03

7.10+07

2.50+08
-1.27+03

3.00+07

-6.78-01
-2.42-03
-2.42-03
5.36+11

5.36+11

37112.MWD, FLUX= 2.32+15N/Cmr.2-SEC

1.0+00 YR
-1.38+00
3.97+07
9.81+06
7.49+05

1.20+04

6.53+05

1.70;-04
-2.52-07

-2.88-20
2.02+09
1.26+04

6.15-02
6.14+09

-1.15+05

2.13+00
2.45+00

1.20+06

4.18+00
4.14+10

-4.14+05
6.84-03
1.26+09

-2.87+01

-2.30+00
1.40+07
2.04+05
1.11+03

6.80+07
1.70+08

-5.94-05

8.96+05
-7.94.17

-1.21-03

-1.21-03

2.67+11
2.67+11

NUCLIDE INGESTION HAZARD. M•413 0F RATER AT RCG
BASIS .1 MT HEAVY METAL CHARGED 70 REACTOR

1.0+01 YR
-1.38+00

3.33-02

8.22-03
0.011
0.00

6.53+05
n.00

0.00

0.00
9.66+07
1.26+04

0.00
4.98+09

-9.32+04

r3.00
n.00
c1.00
0.00
1.36+07

-1.36+02

0.00
1.17+08

-7.98-23
-6.41-24
1.30+07

1.21+05
9.09-02

4.61+07
5.42+06

0.00
1.70-08
0.00

-2.37.06
-2.37-06

1.304'11
1.30+11

1.0+02 YR

-1.38+00
0.00

0.00
0.00

0.00
6.53+05

U.00
0.00
0.00
5.91-06
1.26+04

0.00
6.23+08

-1.17+04

0.00
0.0u
0.00
o.00
0.00
o.00
0.00
5.36-03

0.00

0.00
6.37+06

6.71+02

0.00
9.34+05
5.88-09

0.00

0.00
0.00
0.00

0.00
1.42+10

1.42+10

1.0+03 YR
-1.37+0u
0.00
0.00
0.00

0.00
6.53+05

0.00
0.00

0.00
0.0U
1.26+04
0.00

5.83-01

-1.09-05
0.00
0.00

0.00

0.00
0.0U
0.00

0.00
0.00
0.00
0.00
4.90+03
1.80-20

0.00

1.1u-11
0.00
0.00
0.00
0.00

0.00
0.00

7.62+05

7.62+05

1.0+04 Yk

-1.29+U0

0.00
0.00
0.00

0.00
6.52+05

0.00
0.00
U.00
0.0D
1.26+04

0.00
u.00
0.00
0.00
0.00

u.OU
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
o.no
u.00
3.00
u.clo
o.ou
o.00
o.00
0.00
0.00
7.54+05

7.54+05

1.0+05 YR

-6.91-01
0.00
0.00
0.00

0.00
6.50+05

0.00
O.U0

0.00
0.00
1.23+04
0.00

0.00

0.00
0.00
0.00
0.00
0.0U
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

7.29+05

7.29+05

1.0+06 YR
-1.35-03
0.00

0.00
0.00

0.00
6.274'05
0.00
0.00
0.0U

0.00
1.00404

0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
U.00

0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
6.94+05
6.44+05

1.0+07 YR 1.0•01 YR

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
4.34+05 1.11+04

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
1.25*03 1.1 7-06

0.00 0.00

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 (1.00
0.00 0.00
0.00 0.00
0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00
0.00 0.00
0.U0 0.00

0.00 0.00

0.00 0.00

0.00 0.00
4.36+05 1.11+04

4.364. oš 1.11+04

1.0+09 YR
0.00
0.00
0.00
0.00
0.00
1.29 12

0.00
0.00
o.00
0.00
o.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00

o.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

1.46-01



APPENDIX 2.G

GE LMFBR PLANT WASTE

(Power 49 MW/MT, Burnup 41,493 MWD/MT,
Spent Fuel Processed 90 Days After
Discharge with 0.5% Fuel Loss to Waste)



2.G.1 BNWL-1900

GE LMFBR PLANT WASTE

Summary Tables



TRERmAL PowER

VATTS PER METRIC ToN oF FUEL

TIME,YEARS 0 1 10 100 500 1000 100E+04 1.00E+05 1.00 E+06 1.00E+07 1.0(1E+09 1 .ODE.+09
AFTER YR 2000

CLA Dni NG R.31E+03 1.1 4E+03 2.113E+01 1.13RF-02 9.21E-04 2.13E-05 7.37E-35 .00E+00 onE+no .00E+00 .00F.4-00 .00E+00

sTRoNTIUm 1.29E+03 3.81 E+0? 2.99E+02 3.25E+01 1.69E-03 7.46E-09 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00
CESIUM 1.19E+03 1 .04E+03 6.09E+02 7.44F.+01 7.95E-03 6.7RE-0 4 6.76F-04 6.6?E-04 5.3RF-04 6.74E-05 6.39E-1 A .00E+00
SP+ CS 2.48E+03 1.42E+03 9.09E+02 1.07E+02 9.64F-03 6.78E-O4 6.76E-04 6.6?E-04 5.38E-04 6.74E-05 6.39E-14 .00E+00
FP-SR-CS 3.49E+04 1.05E+04 6.55E+01 5.08E+00 2.15E-01 1.81F-02 1.39E-02 9.9RE-03 6.59E-04 2.96E-05 4.74E-07 5.94E-23
KR85+I129 1.52E+01 1.43E+01 8.03E+00 2.53E-02 2.76E-05 2.76E-05 2.76E-05 2.75E-05 2.65E-05 1 .94E-O5 4.73E-07 5.9 4E-?3
El ssI oN PRoD. 3.74E+04 1 .20E+04 9.74E+02 I .12E+02 2.24E-01 1 .8s E-0? 1.45E-0? 1.06E-0? 1.20E-03 9.70E-05 4.74E-07 5.94E-23

U+ TR WASTE I .93E-03 I .93E-03 1.93E-03 1.93E-03 1 .9? E-03 1.92E-03 .RSE-03 1.55E-03 4.96F-O4 3.90E-04 3.76E-04 3.26E-04
PU FUEL VASTE 7.97E+00 7.94E+00 8.35E+00 R.2.2E+110 6.42E+00 5.67E400 2.31E+00 4.R9E-O2 1.55E-02 1 .00E-n? R.30E-04 4.51E-05
TRA NS PU 3.06F+03 7.69E+0? 1.31 E+ n? 6.71 E+01 3.24E+01 1.56E+01 1 .33E+On 2.33E-01 1 .25E-01 6.74E-03 1 .! 6E-04 4.71E-05

ToTAL WASTE 4.R7E+0 4 1 .39E+04 1 .14E+03 1.87E+02 3.90E+01 2.13E+01 3.65E+00 2.96E-01 1 .42. E-ni 1.73E-02 .32E-03 A. E-0 4

RADE oACTI VI TY

CURIES PER METRIC. Ton oF FIIEL
(PARENTS AND DAUGHTERS IN CHAT Ns ARE I NCLUDEr) T PI TOTALS)

TImE,yEARs n I 10 100 500 1000 1 .00E+04 1.00E+05 .nnE+06 1.00E+07 1.00E+08 .00E+09
AFTER YR 2000

CLADDING 7.31 E+05 p.37E4-05 I .23 E4 0 4 1.25E+02 1.36E+01 7.95E+00 7.23E+O0 3.31 E+00 I .35E-O3 1.71 E-37 .00E+00 .00E+00

STR oNTI Um 3.39 R-n5 1.06E+05 R.31E+04 9.03E+03 4.69E-01 2.07E-06 .00E+00 .00R-00 .n0 E+nn .00E4-00 .00E+00 .n0 E+On
CESIUM 3.23E+05 3.05E+05 P.25E+05 2.ROE+04 4.13E+00 1.39E+00 1.39R-00 1.36E+00 1.11 E+00 1.39E-01 1.3?E-10 .00E+00
SR+ Cs 6.F3E+05 4.11 R-05 3.09E+05 3.71 E+04 4.60E+00 1.39E+00 1.39E+00 1.36E+00 1.11E+00 1.39E-01 1.32E-10 .00E+00
FP-SR-CS R.17E+06 2.46E+06 4.40E+04 2.82E+03 1.37E+02 P.45E+01 2.16E+01 1.60E+01 2.09 E+On 1.52E-01 7.33E-04 9.03E-20
XR85+1129 9.37E+03 8.79E+03 4.94E+03 1.36E+01 4.20E-02 4.?OE-02 4.20E-02 4.1RE-02 4.03E-02 2.90E-02 7.19E-04 9.03E-?0
EI SSI 4114 PROD. R.R5E+06 2.87E+06 3.52E4-O5 3.99E+04 1.42E4-02 ?.59E+01 2.30E+01 1.74E+01 3.20E+00 2.91 E-ol 7.33E-04 9.03E-20

1.1+ TH WASTE 1.18E-01 1.19E-01 1.20E-01 1.18E-01 1.17E-01 1.17E-01 1.15E-01 9.47E-02 3.10E-02 2.33E-02 2.47E-02 2.14E-02
PU FUEL WASTE 1.65E+03 1.58E+03 1.10E+03 1.66E+02 8.28E+01 5.36E+01 1.97E+01 1.27E+00 1.213E-01 1.58E-0? 6.85E-03 2.74E-03
TRANS PU R.56E+04 2.34E+04 6.00E+03 3.82E+03 1.58E+03 8.71E+02 4.38E+01 1.20E+01 6.86E+00 3.70E-01 6.97E-03 ?.86E-03

ToTAL WAŠTE 9.67E+06 3.13E+06 3.72E+05 4.40E+04 2.1?E+03 9.59E+02 9.213E+01 3.41E+01 1.02E+01 7.03E-01 3.92E-02 2.70E-02

00
61

. 
-1
1.
1N
8 



INGESTION TOXICITY

THE INGEsTIoN ToXICITY INDEX IS THE BASE 10 LOGARITHM oF THE
CUBIC METERS oF WATER PER ToN oF FUEL To DILUTE To RCG

TIME,YEARS 0 1 10 100 500 1000 1.00E+04 1.00E+05 1.00E+06 1.00E+07 I.oclE+ns 1.00E+09
AFTER YR 2000

CLADDING 9.80 8.50 7.33 6.60 5.36 4.59 4.56 4.22 .83 ***** ***** 4****

STRoNTIUM 11.42 11.24 11.14 10.18 5.89 .54 ***** ***** ***** ***** *****
CESI UM 10.07 10.01 9.76 8.85 4.92 4.14 4.14 4.13 4.04 3.14 -5.118 *****
SR+CS 11.44 11.26 11.16 10.20 5.94 4.14 4.14 4.13 4.04 3.14 -5.88
FP-SR-CS 11.41 11.02 R.56 6.96 6.04 5.91 5.90 5.89 5.83 5.67 4.08
KR85+1129 5.85 5.85 5.85 5.85 5.85 5.85 5.85 5.84 5.83 5.67 4.08 *****
FISSION PRoD. 11.73 11.46 11.16 10.70 6.29 5.91 5.91 5.90 5.84 5.67 4.OR *****

U+TH FUEL WASTE 5.54 5.54 5.54 5.54 5.54 5.54 5.53 5.44 4.91 4.80 4.80 4.74
PU FUEL WASTE 7.42 7.43 7.44 7.38 7.14 7.00 6.66 5.96 4.88 3.43 3.20 2,P2
TRANS PU 9.68 9.25 8.92. 8.72 8.40 8.09 7.19 6.83 6.23 4.86 3.22 2.84

TuTAL WASTE 11.74 11.46 11.16 10.21 8.43 8.13 7.33 6.94 6.40 5.78 4.89 4.75

***** ToXICITY INDEX IS LESS THAN -10
RCG IS RADIONUCLIDE CONCENTRATION GUIDE BASED UPoN 10 CFR 20

INHALATION ToXICITY

THE INHALATIoN TOXICITY INDEX IS THE RASE 10 LoGARITHM oF THE
CUBIC METERS OF AIR To DILUTE To RcG PER METRIC ToN oF FUEL

TIME,YEARS 1 10 100 500 1000 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09
AFTER YR 2000

CLP DDI NG 4.61 3.13 2.16 10.77 9.52 8.59 8.56 8.22 4.83 ***** ***** *****

STRoNTIUM 5.42 5.24 5.14 14.18 9.89 4.54 ***** ***** ***** ***** ***** *****
CESI UM 4.59 4.54 4.36 13.45 9.51 8.67 8.67 8.66 8.57 7.66 -1.36 *****
SR+CS 5.48 5.32 5.21 14.25 10.04 8.67 8.67 8.66 8.57 7.66 -1.36 *****

FP-SR-CS 6.11 5.73 3.57 12.22 10.85 10.15 10.10 10.00 9.47 9.15 7.56 -8.35
KR85+I129 0.52 0.50 0.27 9.33 9.32 9.32 9.32 9.32 9.30 9.15 7.56 -8.35
FISSION PRoD. 6.20 5.87 5.22 14.26 10.91 10.16 10.12 10.02 9.52 9.16 7.56 -8.35

DI-TH FUEL WASTE 11.04 11.04 11.04 11.04 11.04 11.04 11.03 10.94 10.42 10.32 10.31 10.24
PU FUEL VASTE 15.29 15.28 15.25 15.07 14.83 14.76 14.49 13.23 11.45 10.45 10.78 9.90
TRANS PU 16.58 16.43 16.33 16.09 15.70 15.38 14.51 13.76 13.37 12.11 10.30 9.92

ToTAL WASTE 16.75 16.56 16.39 16.14 15.76 15.47 14.80 13.87 13.38 12.13 10.78 10.53

***** TOXICITY INDEX IS LESS THAN -10
RCG IS RADIoNUCLIDE CONCENTRATION GUIDE BASED UPuN 10 CFR 20

0
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2.G.4 BNWL-1900

GE LMFBR PLANT WASTE

Actinides

4



4E FOLLUOI+ON • TROFERT 1 E5 AFTER SE.PARATION

POWER = 48.52 mw, BURNUP 41493,01WD, FLUX= 24459+15N/CM..12-5EC

W./CLIVE CONCENTRATIONS, GRAMS
BASIS a MT HEAVY KETAL cHARGED TO

CHARGE SEPARATION 1.0+00 YR 1.0+0 YR 1.0+02 YR 1.0+03 YR 1.0+04 YR

REACTOR

1.0+05 YR 1.0+06 YR

HE 4 0.00 2.uo+oo 2.34+00 2.74+00 4.74+00 1.24+01 1.92+01 3.10+01 5.94+01
TL208 04,00 2.15-11 1.53-11 1.22-12 3.20-13 5.54_17 1.13-18 3.88-17 4.04-16

PB207 0.00 3.56-11 9,79_11 2.18_09 8.72-06 1.25-06 4.05-05 1.62-02 4.68-oi
PB208 0.U0 7.30-04 1.33-05 2.77-05 4.31-05 5.39-05 5.40-05 5.45-05 1.20-o4

P8210 0,U0 1,18-11 2.58-11 4,23-10 2.05-08 4.49-06 2.11-04 1.66-03 3.17-04
PB212 0000 1.25-08 6.86-09 7.09-10 1.86-10 3.22-14 1.00-15 2.25-14 2.35-13

81209 04,00 5.66-09 5.75-09 6.47-09 2.02-08 9.34-06 1.26-02 4.24+00 1.74+02
B1212 0.00 1.19-09 8.44-10 6.76-11 1.77-11 3.07-15 9.56-17 2.14-15 2.23-14

RN220 04,00 1.90-11 1.35-11 1.08-12 2.83-13 4.90-17 1.53-18 3.43-17 3.57_16

RA223 0.00 2.04-12 4.04-12 1.79-11 5.72-11 6.66-11 4.55-10 1.69-0B 2.48-08

RA224 U.00 1.09-07 702-08 4,17-0 1.62-09 2.80-13 8.73-15 1.96-13 2.0-12
RA225 0.00 1.02-11 4.95_12 5.0-12 1.77_11 1.89-09 2.28-07 5.54-06 1.24_05

RA226 0.00 2.7B-08 4.54-06 2.06-07 2.60-06 3.69-04 1.73-02 1.36-01 2.60-02
Ac225 04,0U 1.33-11 3.34-12 3.43-12 1.19-11 1.28-09 1.54-U7 3.75-06 611.40-06
AC227 U.00 1.58-09 2.84-09 1.26-08 4.03-08 4.70-08 3.20-07 1.19-05 1.74-06

TH227 U.U0 3.39-12 6.48-12 2.86-11 9.16-11 1.07-10 7.29-10 2.70-08 3.97-08
TH228 U.00 2.14-05 1.50-05 1.20-06 3.16-07 5.47-11 1.70-12 3.82-11 3.98-10
TH229 04,00 9.07-07 9.07-07 9.32-07 3.24-06 3.47-u4 4.18-02 1.02+00 2.213+00

TH230 04,00 2.07-03 2.07-U3 2.13-03 4.85-03 1.0-01 1.13+00 6.92+00 1.32+00
TH231 04,00 5.00-09 2.50-11 2.53-11 2.80-11 5.63-11 3.86-10 2.24-09 2.40-09
TH232 0.00 1.17-04 I.17-U4 1.19-04 1.38-04 4.58-04 1.28-02 2.87-01 2.99+00

TH234 0.00 1.26-05 6.34-08 6.31-06 6.31-08 6.31-08 6.31-08 6.31-08 6.33-08

PA231 0000 6.313_05 6.38-05 6.39-05 6.43-05 7.20-05 4.91-04 1.82-02 2.47-02
PA233 0000 1.08-05 1.09-05 1.12-05 1.38-05 2.49-05 3.09-05 3.00-05 2.25-05
PA234m 0.00 4.26-10 2.14-12 2.13-12 2.13-12 2.13-12 2.13-12 2.13-12 2.13-12
U232 0.00 1.12-05 1.52-05 2.63-05 1.16-05 2.04-09 0.00 0.00 0.00
U233 0.00 9.46-05 2,04-04 1.12-03 1.15-02 1.93-01 2.71+00 2.29+01 5.14+01
0234 2.91+02 1.29+00 1.41+00 3.24+00 1.76+01 4.35+01 4.27+01 3.32+01 2.88+00

U235 1089+03 4.18+00 6.19+00 6.26+00 4•93+00 1.39+u1 9.56+01 5.55+02 5.93+02
U236 1.47+03 7.07+00 7.07+00 7.15+00 8.02+00 1.68+01 2.12+01 1.07+02 1.04+02
U237 0000 2.25-06 4.50-07 2.96-07 4.40-09 2.47-11 1.27-11 1.57-14 0.00
U238 9.35+05 4.39+03 4.39+03 4.39+03 4.39+03 4.39+03 4.39+03 4.39+03 1.40+03

NP237 0.00 3.14+02 3.15+02 3.24+02 4.01+02 7.81+02 8.97+02 8.72+02 6.51+02
NP239 0.00 2.34-04 2•34.0g 2.34-04 2.32-04 2.14-04 9.46-05 2.72-08 7.26-14

PU236 6,35-03 1.92-05 1.51+05 1.49-06 5.29-16 Q.P0 o.00 0.00 U.00
PU238 1.12+03 3.54+00 2.21+01 2.59+01 1.65+01 1.15-01 4.23-32 0.00 0.00
PU239 3.64+04 2.66+02 2.64+02 2.67+02 2.70+02 2.85+02 3.44+02 3.93+01 2.76-07

PU240 1.47+09 7.74+01 7.83+01 8.51+01 1.00+02 9.19+01 3.65+01 3.59-03 0.00
Pu241 6.50+03 1.54+01 1.47+01 9.62+00 1.43-01 8.05-04 4.12-04 5.12-07 4.43-36
Pu242 2.36+03 1.18+01 1.18+01 1.20+01 1.32+01 1.54+01 1.52+01 1.29+01 2.49+00

1.0+07 YR 1.0+08 YR 1.0+09 YR

1.40+02 1.60+02 2.73+02

3.57-15 1.34.14 1.36-14
5.04+00 4.86+01 3.26+02
6.17-03 3.12-01 4.38+00
1.81-05 1.78.05 1.55-05

.2.08-12 7.77-12 7.87-12
7.63+02 7.96+02 7.96+02

1.98-13 7.41-13 7.50-13

3.16-15 1.18-14 1.20-14
2.45-08 2.25-08 9.34-09

1.81-11 6.77-11 6.85-11
6.35-07 1.52-19 0.00
1.48-03 1.46-03 1.27-03
4.29-07 1.03-19 0.00
1.73-05 1.58-05 6.58-06

3.93-08 3.60-08 1.50-08
3.53-09 1.32-08 1.39.36

1.16-01 2.78-14 0.00

7.53-02 7.13-02 6.47.02

2.38-09 2.18-09 9.05-10
2.65+01 9.92+01 1.00+02
6.32-08 6.23_08 5.43-08

2.65-02 2.42-02 1.01-02

1.22-06 2.68-19 0.00

:::33:1020 2.10-12 1.83-12

0.00 0.00 0.00
6.26-13 0.00

2.37-01 2.33-01 2.03-01
5.88+02 5.39+02 2.24.02
8.02+01 5.90+00 2.74.11

2.
00 
3 4.03 (210.0303+03 03:71;4.03

3•53+01 7.76.12 0.00

5.00-14 1.19-15 0.00

0.00 0.00
0.O0

0.00
0.00 o.o0

1.90-07 4.53-o9 0.00

0.00 0.00
0.00
1.77-07

0.00
0.00
0.00



GE_FOLLOw-ON____ ___FRPFERTIES_AFTfR.W:!ARA_TION_ _

POWER ® 48.52 MW, BURNUP • 414930MMD, FLUX,' 2•59+16N/CM**2-SEC

NUCLIDE CONCENTRATIONS, GRAMS

BASIS • MT HEAVY METAL CHARGED TO

CHARGE SEPARkiiON i-.0+00 TR 1,0+01 YR 1.0+02 YR 1.0+03 YR 1.0+04 YR

REACTOR

1.0+05 YR 1.0+06 YR 1.o+o7 ik 1.0+06 YA 1.(3409 YR
AM241 3.32+02 5.80+02 5.80+02 5.76+02 5•08+02 1.20+02 1.21-02 1.50-05 0.00 0.00 0.00 0.00
AM282M 0.00 2.02+01 2.01+01 1.93+01 1.28+01 2.11-01 3.19-19 0.00 0.00 0.00 0.00 0.00
AM242 0.00 2.42..04 2.41-.04 2.3104 1.53-04 2.53-06 3.83..24 0.00 0.00 0.00 0.00 0.00
AM243 0900 2•83+02 2,83+02 2.83+02 2.80+02 2.58+02 1.144.02 3.29-02 8.78-08 6.04-08 1.49.09 0.00
CM242 0.00 2•41+0L 5.13+0.0 4.64.02 3.08..02 5.08..04 0.00 0.00 0.00 0.00 0.00 0.00
CM243 0.00 2.93+00 2.87+00 2.36+00 3.36-01 1.15..09 0.00 0.00 0.00 0.00 0.6c 0.00
01244 0.00 2.47+01 2.38+01 1.69+01 5.38-01 5.83..16 0.00 0.00 0.00 0.00 0.00 0.00
CM245 0.00 5.55..01 5.54-01 5.54-01 5.50-01 5.15-01 2.64..01 3.27-09 2.83-33 0.00 0.00 0.00
CM246 0.00 1.47..02 1.47..02 1.47.-02 1.45-02 1.30-02 4•1603 9.79-08 0.00 0.00 0.00 0.00
CM287 0.00 2.03..04 2.03..04 2.03..04 2.03..04 2.03..04 2.0.1.04 2.02-0g 1.95.01 1.34..04 3.20-06 1.93.22

SU8T0T 1.1.10'06 6.03+03 6.03+03 6.03+03 6.03+03 6.03+03 6.03+03 6.07+03 6.09+03 6.04+03 5.98+03 5.50+03

TOTAL 1.00+06 6.03+03 6.03+03 6.03+03 6.03+03 6.03+03 6.03+03 6.08+63 6.0A+03 6.08+03 6.08+03 6.08;63



GE FOLLU.i-ON PROPI!ME5 0.4 FTER 5LPARAT1OH

POWER .

CHARGE

48.52 W6 1 BUkr/UP = 41493.M=0. FLUX= 2.59+15N/Cm..2-5EC

NUCLIDL: RADIOACTIVITY, CURIES
BASIS = MT HEAVY METAL CHARGEU TO

SEPARATION 1.0+00 YR 1.0+01 YR 1.0+02 YR 1.04'03 YR 1.0+04 YR

REACTOR

1.04'05 YR 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09 YR
TL207 Jo00 1.04-07 2.07..07 9.16..07 2.93-06 3.42-06 2.33-05 0.65-04 1.27-03 1.26-03 1.15.03 4.78-04
TL2OB

TL209
9.00
0.00

6.26-03
1.7u-08

4.45-G3

4.27..09
3.56-04

4.39-09

9.34-05

1.53-08

1.62-08

1.63-06

5.04-10

1.97-u4
1.13-08
4.78-03 -71.07-02

1.04-06

5.46-04

3.90-u6

1.31..16

3.95-U6

0.00
PB209 0.00 7.72-n7 1.94G7 1.99-07 6.93-07 7.43-05 6.95-03 2.17-01 4.86-01 2.49-02 5.95-15 0•00

PB210 0.00 9.54_10 2•1009 3.43-08 1.66-06 3.64-09 1.71-02 1.35-.01 2.57-02 1.46-.03 1.44_03 1.26-03

PB211 0.00 1.05-07 2.08..07 9.19-07 2.94-06 3.43-06 2.34-U5 8.67-04 1.27-03 1.26-03 1.15-03 4.80-04
PB212 0.00 1.74-02 1.24-02 9.89-04 2.59-04 4.49-08 1.40-09 3.14-06 3.27-07 2.90-06 1.06-05 1.10-05

PB214 0.00 2.73-08 9.49-08 2.03-07 2.58-06 3.64-04 1.71-U2 1.35-01 2.57-02 1.46-03 1.44.03 1.26.-03

B1210 0.00 9.37_10 2.10-09 3.43-06 1.66-06 3.64-04 1.71-02 1.35-01 2.57.-02 1.46-03 1.44.03 1.26-03

B1211 0.00 1.05-07 2.08..07 9.19-07 2.94-06 3.43-116 2.34-05 8.67-U9 1.27-03 1.26-03 1.15-03 4.80-U4
81212 0.00 1.74-02 1.29-02 9.89-04 2.59-04 4.49.-08 1.40-09 3.14-08 3.27-07 2.90-06 1.06-05 1.10-05
81213 0.130 7.72-07 1.94..07 1.99-07 6.93-07 7.43-U5 8.95-U3 2.17-01 4.88-01 2.49-02 5.95_15 0.00
81214 J.IJC 2.73-06 4.49..06 2.03-07 2.58-06 3.69-09 1.71-02 1.35-01 2.57-02 1.46-03 1.44-03 1.26-03
P0210 J.00 6.u4-10 1.96..09 3.43-08 1.66-06 3.64-04 1.71-U2 1.35-01 2.57-02 I.46-U3 1.44-03 1.26-03

PU211 j•00 3.14-10 6.23-10 2.76-09 8.82-09 1.03..08 7.01-U8 2.6u-06 3.82-06 3.78-.06 3.46-06 1.44..06
P0212 0.6U 1.11..02 7.91-03 6.33-04 1.66-09 2.67-u8 8.95-10 2.61-08 2.09-07 1.85-06 6.94-06 7.03-06
P0213 0.0U 7.55-07 1.90..07 1.95-07 6.78-07 7.27-ub 8.75-U3 2.13-UI 4.77-01 2.44-02 5.82_15 0.00
P0214 u.u0 2.73-0h 4.49-08 2.03-07 2.58-06 3.64-04 1.71-02 1.35-01 2.67.-02 1.46-03 1.44.4)3 1.26-03
P0215

P0216
u.00

J.uU

1•LS07

1.74-02
2.08-07

1e29-o2

9.19-07

9.89-04
2.94-06
2.59-04

3.43-06
4.49-08

2.34-05

1.40-09

8.67-04

3.14-06 13.27-07271:
1.26-03

2.90-06

1.15-03
1.08-05

4.80-04
1.10-05

P0218 0.00 2.73-08 4.49-08 2.03-07 2.58-06 3.64-04 1.71-02 1.35-01 2.57-02 1.46-03 1.44-03 1.26-03
AT217 (1.00 7.72-07 1.94-07 1.99-07 6.93-U7 7.43-0b 8.95-03 2.17..U1 4.88.-01 2.49-02 5.95-15 0.00
RN219 U.00 1.05-U7 2.08-07 9.19-07 2.94-06 3.93-06 2.34-05 8.67-04 1.27-03 I.26-U3 1.15-03 4.80-04
RM220 0.00 1.74-02 1.24-02 9.89-04 2.69.-04 4.49-08 1.40-09 3.14-08 3.27-07 2.90-06 1.08-05 1.10..05

RN222 0000 7.73-08 4.49-00 2.58-06 3.69-u4 1.71-02 1.36-01 1.46-03 1.44-03 1.26-03

FR221 U.OU 7.72-u7 1.94-07 1.99-07 6.93-07 7.43-05 8.95-03 2.17-01 2.49-02 5.95_15 0.00
FR223 0.00 1.61-09 2.90-09 1.29-UR 9.11-08 4•80...08 3.27-07 1.21-05 1.78-05 1.77-05 1.62-05 6.72-06
RA223 0000 1.(.15-07 2.08-07 9.19-07 2.94-06 3.43-06 2.34-06 8.67-04 1.27-03 1.26-03 1.15-u3 4.80..04
RA224 0.011 1.74-02 1.24-j2 9.89-04 2.59-09 4.99-08 1.40-09 3.14-08 3.27-07 2.90-06 1.08-05 1.10-05
RA225 O.UO 3.99_07 1.94-07 1.99-o7 6.93-07 7.43-U5 8.95-u3 2.17-01 4.88-01 2.49-u2 5.95-15 0.00
RA226 0.00 2.75.u8 4.49_08 2.03-07 2.58-06 3.64-04 1.71-02 1.35-01 2.57-02 1.46-03 1.44-U3 1.26-03

AC225
AC227

0.00
0.00

7.71-07
1.15-07

1.94-G7
2.07-h7

1.99-07
9.18-02

6.93-07
2.99-06

7893.-05
3.43-06

8.96-03
2.34-05

2.17-01
8.67-04 431.27-03.11)1

2.49-02
1.26-03

5.95-15

1.15-03
0.00
9.80..09

TH227 O.U0 I.07-u7 9.06-07 2.90-06 .3.38-U6 2.30-06 8.55-04 1.25-03 1.24-03 1.14-03 4.73..04
TH228 U.O0 I.76-U2 1.23-02 9.87-u4 2.59-04 4.49-08 1.40-09 3.14-08 3.27-07 2.90-06 1.06-05 1.10..05

TH229 0.00 1.94-07 1.94-07 1.99-07 6.93-07 7.93..05 8.95-03 2.17-01 4.88-01 2.49-02 5.95-15 0.00
TH23o U.n0 4.u2-05 4.03-05 4.14-05 9.43-05 2.06-03 2.2U-02 1.35-U1 2.57_02 1.44-03 1.26-03

TH231 0.00 2.65-u3 1.33-05 1.34-05 1.49-05 2•98-05 2.05-.04 1.19-03 1.27-03 1.26..03 1.15-03 4.80..04
TH232 0.00 1.27-11 1.28-11 1.3u-11 1.51-11 5.00-11 1.40-09 3.14-08 3.27-07 2.90.-06 1.08..05 1.10-.05
TH234 0.30 2.92-01 1.47-93 1.46-03 1.46-03 1.46-03 1.46,-03 1.46-03 1.47-03 1.46-03 1.44..03 1.26-03



. GE...FOLLOW-ON_ „

POWER • 48.52 MW. BURNUP =

PA231
PA233
PA234m

PA239

U232
11233

U239
U235

U236

U237

U238
NF237

NP239
PU236
PU238

PU239

PU290
PU241
P0292

PU243
AM24I

AM242M
AM242
AM243

CH292

CM243
CM244
Ch1295

CM246
CM247

SUBTOT
TOTAL

CHARGE

0.00
0.00
0.00
0.00

0.00
0.00

1.80+00
9.09-03

9.31-02
0.00

3.12-01
0.00

0.00
3.38+00
1.89+0y

2.23+03
3.24+03
6.51+05
9.19+00
0.00

1.14+03
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
6.77+05
6.77+05

SEPARATION

3.09-06
2.22-01
2.92-01
2.92-04

2.40-04
8.96707

8.01.03
1.33-05

9.98.09
1.84.01

1.96-03

2.22-01
5.49+01

1.02.-02
5.98+01

1.63+01

1.71+01
1.59+03

9.61-132
8.80-11
1.99+03
1.96+02

1.96+02
5.44+01
7.97+04
1.35+02

2.00+03

8.69-02

3.91-03
1.76-08

8.60+04

8.60+09

1

PROPERTIES_AFJER_SEPARATION

41493.MWO, FLUX- 2.59+15N/CM1.4.2-SEC

60+00 YR
3.09-U6
2.22.01
1.97-03

1.97-06
3.25-04

1.95-06
8.73.03

1.33-05
9.49-04

3.68-02

106-03

2.22-01
S.99+01

8.00-03

3.79+02

1.63+01
1.73+01
1.97+03

4.62-02
1.76-08

1.99+03

1.95+02
1.95+02

5.94+01
1.70+09
1.32+n2
1.93.03

6.66-02

3.91-03
1.76-08

2.34+09
2.39+04

NUCLIDE RADIOACTIVITY, CURIES
6,4515 MT HEAVY METAL CHARGED TO REACTOR

1.0+01 YR
3.04.06

2.28..01
1.46-03
1.46-06

5.63-09
1.06-05
2.01-02

1.39-05
4.53.09

2.41..02
1.46.03

2.29-01

5.99+01
8.97-04

4.38+02

1.63+01
1.88+01
9.64+02

9.68-02
1.76-.08

1.98+03
1.07+02

1.07+02

5.44+01
1.54+02

1*(19+02
1.37+03

8.68-02

3.90..03
1.76-08

5.53+03
5.53+03

1.0+02 YR
3.06-06

2.82-01
1.96-03

1.96-06

2.52-04

1.09-04
1.09-0!
1.99.05

5.09-09
3.59.04

1.46-03
2.82-01

5.39+01
2.81-13

2.79+02

1.66+01

2.21+01
1.93+01

5.13-02
1.76-08

1.79+03
1.24+02

1.24+02

5.39+01
1.02+02
1.55+01
9.35+01

8.62-02

3.86-03
1.76-08

2.59+03
2.59+03

1.0+03 YR 1.0+09 YR 1.0+65 YR 1.0+06 YR
3.93.06 2.34-05 0.67-04 1.27-03

5.51-01 6.33-01 6.15-01 9.59-01
1.46-03 1.46-03 1.96-03 1.47-03
1.46.06 106-06 1.46-06 1.97-06

4.37-08 0.00 0.00 0.00
1.83-03 2.57-U2 2.17-01 4.87-01
2.69.01 2.69.01 2.06-01 1.78-02

208-05 2.05.09 1.19-03 1.27-03

1.06-03 9.51..03 6.77-03 6.60-03

2.02.06 1.03-06 1.28-09 0.00

1.96-03 1.46.03 1.46-03 1.47.03

5.51-01 6.33-01 6.15-01 4.59-01

4.97+01 2.20+01 6.33-03 1.69-08

0.00 0.00 0.00 0.00
1.99+OU 0.00 0.00 0.00

1.75+01 2.11+01 2.91+00 1.69-08

2.03+01 8.05+00 7.92-09 0.00
8.08-02 9.14-02 5.13-05 0.00
6.00-02 5.92-02 5.03-02 9.69-03
1.76-08 1.76-08 1.75-.08 1.69-08

9.12+02 4.16-02 5.13-05 0.00
2.05+00 3.10-18 0.00 0.00

2.05+00 3.10-18 0.00 0.00
4.97+01 2.20+01 6.33-03 1.6908

1.684.00 04,00 0.00 0.00
5.31..08 0.00 04,00 0.00
4.72..14 0.00 0.00 0600

8.06-02 4.13..02 51012..05 0.00

3014-03 1.10-03 1.26-08 0.00

1.76-08 1.76-08 1.75.06 1.69-08

5.59+02 7.51+01 1.24+00 5.62+00
5.59+02 7.51+01 7.24+00 5.62+00

1.0+07 YR
1.26-03

2.99-02
1.96-03

1.46-06

0.00

2.49.02
1.96.03
1.26.03

5.08..03
0.00
1.96.03

2.99.02

1.16-08
0.00
0.00

1.16..08
0.00
0.00

6.91-.10
1.16-08

0.00
0.00

0.00
1.16.0g

0.00
0.00
0.00
0.00

0.00
1.16.00
3.14.01

3.14..01

1.0+08 YR
1.15_03
5.46_15

1.104-03
1.44_06

0.00
5.93-15

1.99.03
1.15.03

3.79.09

0.00
1.44.03
508-15

2.78.10
0.00

(.1.00
2.78_10

0.00

0.00
0.00
2.78..10

0.00
0.00
0.00
2.78_10

0.00
0.00
0.00
0.00

0.00
2.78.16

3.39.02
3.39-02

l o o+b9 YR

9880..04

0000
1.26..03
1826..06

0.00

0.00
1.26.03
9.80.09

1.79.15

0.00
1.26.03

0.00

0.00
0.00
0.00
0.00
0.00
0.06

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0;00 -
2.30.02

2.30.02



GE FOLLUri-ON pRupERT1E5 AFTER SEPARATION

PD4EN 2, 48.52 (4 116 BURNUP = 41493.10)0, FLUX= 2.59+15N/CM10412-SEC

ChARGE SEPARATION 1.0+00 YR

NUCLIDE THERMAL POAER. AATTS
8ASIS m MT HEAVY METAL CHARGED TO

1.0+61 YR 1.0+02 YR 1.0+03 YR 1.0+04 YR

REACTOR

1.0+0b YR 1.0+06 YR 1.0+07 YR 1.0+08 YR 1 .0.09 YR

TL207 0.00 3.16-10 6.26-10 2.77-09 i4.86-09 1.03-08 7.05-08 2.61-06 3.83-06 3.d0-06 3.48-06 1.45-06

TL208 U.00 1.46-0s 1.04-04 8.29-06 2.17-06 3.76-10 1.17-11 2.63-1U 2.74-09 2.43-08 9.09-08 9.20-08
TL209 114,00 2.78-10 6.96-11 7.17-11 2.49-10 2.67_06 3.22-06 7.82-05 1.75-04 8.96-06 2.14-18 0.00
p8209 0.1.10 8.87-10 2.23-10 2.29-10 7.97-In 8.54-ud 1.03-05 2.5u-04 5,61-04 2.06-05 6.85_18 0.00

PB211 0.110 3.50-10 6.94-1U 3.c.7-09 9.82-09 1.15-0B 7031-1.03 2.90-06 4.25-06 4.22-06 3.86_06 1.60-06

PB212 0.00 2.49_05 1.77_js 1.42-00 3.72-07 6.94-11 2.01-12 4.s0-11 4.69-10 1.15-09 1.56-08 1.58_08

PB214 0.00 6.69-11 1.0q-In 4.9S-10 6.2/-09 8.88-07 4.10-06 3.28-01 0.27-05 3.57..06 3.52-06 3.06-06
61210 U.U0 2.47-12 5.52-12 9.04-11 4.3/-09 9.59-07 4.50-05 3.5-04 0.78-05 3.85..06 3.80_06 3.31-06

B12Il 0.00 8.09-09 3.58-08 1.14-07 1.34-07 9.10-07 3.36-05 4.95-05 5.1-35 4.50-05 1.87-05
81212 0.J0 3.u2-04 2.15-04 1.72-os 4.E0-06 7.6L-10 2.43-11 5.45-lu 5.60..G9 5.j3..U8 1.88_07 I.91-U7
61213 0.00 4.79-U9 1.19-L,9 1.23-09 4.20-09 4.57-02 5.50-05 1.34-03 3.01-03 3.66-17 0.00
81214 G.U0 3.b0-10 6.2o-1 2.V3-09 3.Py-ns 5.08-L16 2.38-J4 1.88-03 3.59-0A 2•04-.0!. 2.01-05 1.75.05

P021U U.00 1.9J-11 4.61-11 I.u8-09 .73.24-oS 1.15-0b 5.36-04 4.24-1.0 E.1u-09 4.61-05 4.55-05 3.96-05

P0211 0.00 1.39-11 2.7b-II 1.22-1L i.sr-10 4.55-10 3.10-69 1.15-07 1.69-07 1.53-07 6.36-08

P0212 0.00 b.90-04 4.19-!Ji 3.35-03 1.5'2-09 s.75-11 1.07-09 1.11-fi8 9.82-up 3.68-07 3.72-07

PU213 0.00 3.75-u6 9.43-u9 ?.6t,-C9 3.61-u6 1.,0-U2 2.37-U2 1.2I-U3 2.89-16 0.00

P0214 0.06 1.24-09 2.05-09 9.26-0 1.17-07 7.79-04 6.14-03 1.17-03 6.67.4E, 6.58-05 5.73-06

P0215 0.d0 4.1,9-09 9.1U-U9 1.[A2-08 1.29-07 1.(J-07 1.0Z-U6 3.bu-05 5.57-1Th 5.52-05 5.06-05 2.10-05

P0216 0.00 7.11-0-4 "r16-,-;4 4.(15-j5 1.04-09 5.72-11 1.28-09 1.34-08 1.18-07 4.44-07 4.49-07

P0218 1.63-09 7.37-09 4.3J-j8 I.J2-6, 6.19-04 4.88-03 9.33-n4 5.3D..05 5.23-05 4.56-05

AT2I7 U.00 3.2J-ut, 6.1",-09 3.3L-09 2.9I-H3 3.11-06 3.75-04 9.11-03 2.04-02 1.04-03 2.49_16 0.00

RN21v a.o0 4.21-0' v.41-09 3.72-On 1.19-07 1.39_j/ 9.46_07 3.51-05 5.1-o; 5.10-05 4.67-05 1.94-05

RN220 0.00 4.69-04 3.75-05 9.83-H6 1.70_J9 5.30-11 1.19-09 1.21-08 1.10..07 4.11-07 4.16-07

RN222 11.00 8.89-1, 1.46-09 6.63-09 h.3Y-oe 1.19-Lib 5.57_0y 4.39-03 8.39-04 4.77-05 4.71-05 4.10-05

FR221 j.jU 2.k7-ut 7.22-u9 7.4Z-09 Z.bv-og 2.76-u6 3.33_04 8.09-03 1.61-02 9.27-04 2.21-16 0.00

FR223 J.00 6.80-12 3.CI-11 9.63-11 1.12-10 7.66-10 2.84-0E 4.17-08 4.13-0b 3.79-08 1.57-08

RA223 3.64-09 7.22-09 3.19-08 1.u2-07 I.19-U7 8.12-07 3.01-05 4.42-05 4.38-05 4.01-05 1.67-05

RA224 0.j0 5.95-04 4.2J-04 3.3j-05 8.87-06 1.54-U9 1.79-11 1.07-09 1.12-08 3.71-07 3.76-07

RA225 U.d0 2.63-16 1.28-10 1.31-10 4.56-10 4.89-08 5.89-06 1.43-04 3.21-04 1.64-05 3.92-18 0.00
RA226 0.00 7.79-10 1.27-d? S.75-09 7.29-06 1.03-05 4.84.04 3.82-03 7.29-04 4.14..05 4.09-05 3.56-05

AC225 U.UU 2.65-08 6.66-,J9 6.84-09 2.3d-08 2.55-06 3.07-04 7.46-03 1.67-02 8.55-04 2.04-16 0.00

AC227 0.00 5.80-11 1.05-10 4.63-10 1.48-09 1.73-09 1.16-08 4.37-U7 6.41-07 6.35-07 5.82-07 2.42-07

TH227 0.00 3.69-09 7.05-09 3.12-0v ,*.9Y-68 1.16-07 7.93-07 2.94-05 4.32-05 4.28-05 3.92-05 1.63-05

TH228 0.00 S.75-34 4.03-04 8.49-06 1.47-09 4.58-11 1.03-09 1.07-08 9.48-08 3.55-07 3.60-U7

THZ29 0.00 5.86-09 6.JJ-0v 2.1u-08 2.25-06 2.71..04 6.57-03 1.47-02 7.53-04 1.80-16 0.00
TH23C 0.0U 1.14-06 1.I4-j6 2.6o-06 5.d8-05 6.2I-U4 3.80-03 7.28-04 4.14-05 4.08-05 3.55-05

TH231 0.00 2.09-06 1.05-05 1.17-08 2.35-08 9.38-07 1.00-06 9.94-07 9.10-07 3.78-07

TH234 0.00 1.04-04 5.23-u7 5.2C-07 5.2L-07 5.20.07 5.20..07 5.20-07 5.21-07 5.21-07 5.14-07 4.47-07

PA23I 0.00 9.2B-08 9.28-66 Y./4-06 9.3-08 1.65-07 7.13..07 2.65-05 3.88-05 3.85_05 3.52-0S 1.46-05

PA233 U.00 3.0U-04 3.0I-J4 3.(t-04 3.82-04 7.45-04 8.55..04 8.31-04 6.21-04 3.37-os 7.41-18 0.00



GE FOLLOW-ON PROPERTIES AFTER SEPARATION

POWER ' 48.52 MA. BURNUP = 91493.MWD. FLUx= 2.59+154/CM•12-5EC

NuCLIDE THERMAL POWER. AATTS

BASIS = MT HEAVY METAL CHARGED TO

CHARGE SEPARATION 1 .0+00 YR 1.0+01 YR 1.0+02 YR 1.0+03 YR 1 .0+0'4 YR

REACTOR

1.0+05 YR 1.0'06 YR 1.0+02 YR 1.0+08 YR 1.0+09 YR
PA234m 0.00 1.50-03 7.56-06 7.52-06 7652-06 7.52-06 7.52-06 2.52-06 2.54-06 7.53-06 7.43-06 6.97-06

PA239 0.00 2.66-06 1.39-08 1.33-08 1.33.-08 1.33-08 1.33-08 1.33-08 1.33-08 1•33-1/8 1.31-08 1 • 18..08

U232 0.00 2.71-06 1.04-05 1.81-05 8.1U..06 1.90-09 6000 0.00 0.00 0.00 0.00 0.00
U233 0.00 2.61-08 5.67-08 3.09-07 3.1806 5.33..05 2.98_0y 6.31-03 1.92-02 2.25-09 1.23-16 o.on
U234 5.19-02 2.31-09 2.51-04 5.77-04 3.14..03 7.75-03 2.61-u3 5.92-03 5.13-09 4.21-05 9.16.05 3.62-05
U235 1.12-04 3.68-07 3.68-07 3.72-07 4.12-07 5.69-06 3.30-U5 3.53_05 3.50-05 3.20-05 1.33-05
0236 2.52-03 1.21-05 1.22-05 1.23-05 1.38-05 2.B8-05 1.22..U8 1.84-09 1.29-09 1.38-04 1.01-05 9.21-17
U237 0.00 1.22_04 2.99-0S 1.60..05 2038-07 1.34-09 6.86-10 8.52-13 0.00 0.09 0.00 0.00
U23r 7.88-03 3.70-1Th 3.70-05 3.70..05 3.70-05 3.70..05 3.20-05 3.2U-05 3.71-05 3.70-05 3.65_05 3.18_05

NP237 0.00 6.51-03 6.53-03 6.70..03 R.30-03 1.62-U2 1.86-0? 1.81-02 1.35-02 7.32-04 1.61-16 0.00
NP239 0.o0 7.36-02 7.36-0z 7.35-02 7.r7-02 6.72-02 2.97-U2 8.56_06 2.28-11 1.52-11 3.25-13 0.00
PU236 ;.1P-c1 3.55-04 2.79-08 3.12-05 9.78-15 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pu238 6.28+02 1.98.0u 1.284+01 1.45+01 9.25+00 6.41..02 U.00 0.00 0.00 0.00 0.00 0.00

PU239 6.93+01 S.07-0/ S.07.-01 S.08-0 1 5.15-01 5.43-U1 6.55-01 7.50-02 5.26-10 3.61-i0 8.63-12 0.00
P0240 14,U1+02 5.32..01 5.38-01 5.89-01 6.88_01 6.31.-01 2.51-0( 2.92-05 0.00 0.00 0.00 0.00
pu241 2.70+01 6.39..02 6.10-02 9.00-02 5.95-09 3.35-06 i.72-06 2.13-09 0.00 0.00 0.00 0.00
PU292 2.71.-01 1.36-03 1.36-03 1.38-03 1.51-03 1.77_03 1.75-03 1.9B-03 2.86-04 2.09-11 0.00 0.00

Pu293 0.1DU 1.25-13 2.49-11 2.99-11 2.99-11 2.49-11 2.99-11 2.98-11 2.39-11 1.65-11 3.93_13 0.00
AH241 3.80+01 6.63+01 6.63+01 6.59+01 5.81+01 1.35401 1.39-03 1.21-06 0.00 0.00 0.00 0.00
AM292m 0.CO 5.58..02 5.55-02 5.33-02 3.53-02 5.v9-09 8.83-22 0.00 0.00 0.00 0.00 0.00
Am242 0.00 2.61-01 2.60-01 2.50-01 1.66-01 2.79-U3 4.19-21 0.00 0.00 0.00 0.00 0%00

AM293 0.00 1.99+00 1.99+00 1.99+00 1.97+00 1.82+00 8.03-01 2.31-04 6.12-10 4.25-10 1.01-11 0.00
CM292 0.0UU 2.94+03 6.26+02 5.66+00 3.75+00 6.2o-02 0.00 0.uU 0.00 0.00 0.00 0.00

cm243 0.00 4.96+00 9.85+00 3.99+00 5.69-01 1.95-09 0.00 0.00 0.00 0.00 0.00 0.00

CM244 3.110 7.01+01 6.24+01 4.28+01 1.52+00 1.65-15 0.00 0.00 0.00 0.00 0.00 0.00
CM295 0.00 2.71-03 2.21-03 2.71-03 2.69-03 2.52-03 1.29-U3 1.60-06 0.00 0.00 0.00 0.00
CM296 0.00 1.26-09 1.28-.04 1.28..04 1.26-04 1.13-09 3.61-05 9.12-10 0.00 0.00 0.00 0.00
CM292 0.00 5.08-10 5.08..10 5.06.-10 5.08-10 5.08-10 5.07-10 5.06-10 4.87-10 3.35-10 8.01-12 0.00

SUBTOT 8.63+02 3.08+03 7.81+U2 1.41+02 7.66+01 1.70+01 1.28+00 1032..01 1.33-01 7.36-03 7.16-09 4.29-04

TOTAL 8.63+02 3.08+03 7031+02 1.41+02 7.66+01 1.70+01 1.78+00 1032..01 1.33-01 7.36-03 7.16-04 9.80-04

r.



G FOLLUN-ON PROPERTIES AFTER SEPARATION

PONER =

CHARGE

48.52 mO, BURNUP = 41493.MRD 1 FLUX= 2.59+15N/CMer2-SEC

NUCLIDE INHALATION HAZARD. Mef.3 OF AIR

BASIS a MT HEAVY METAL CHARGED TO

SEPARATION 1.0+00 YR 1.0+01 YR 1.0+02 YR 1.0+03 YR 1.u+04 YR

AT RLG
REACTOR

1.0+05 YR 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09 Yk

TL207 0.00 -1.04-07 -2.07-07 -9.16-07 -2.93-06 -3.42-1j6 .2.33.05 -8.65.04 -1.27-03 -1.26-03 .1.15.03 .4.76-04

TL208 0.00 .6.26.03 .4,45.03 -3.56.04 .9.34.05 -1.62.08 -5.04.10 -1.13-08 .1•18.07 .1.04.06 -3.90_06 -3.95-06

TL209 0.00 -1.70-08 .4.27.09 .4.39.09 -1.53-08 .1.63.06 .1.97.04 -4.78-03 -1.07-02 .5.48.01 .1.31.16 0.00

P8209 0.00 -7.72-07 .1.94-07 -1.99-07 -6.93-07 .7.43.05 -b.95-J3 -2.17-01 -4•88.01 -2.49-02 .5.95.15 0.00

P0210 0000 2.38+02 5.24+02 8.58+03 4.16+05 9.11+07 4.27+09 3•37+10 6.44+09 3.66+08 3.61+08 3.14+08

Pb211 (i.U0 -1.05-07 -2.08-1)7 -9.19-07 -2.94-06 -3.43.06 .2.34-05 .8.67-04 -1.27-03 .1.26.03 -1.15-03 -4.80-04

p13212 0.00 2.90+07 2.06+07 1.65+06 1.32+05 7.49+01 2.33+00 5.23+01 5045+02 4.83+03 1.81+04 1.83+01

P13214 0.00 .2.73-08 .4.49.08 -2.03-07 -2.58-06 -3.64-04 .1.71-02 .1.35.01 .2.57.02 .1.46.03 .1444-03 .1.26.03

B1210 0.60 4.68+00 1005+01 1.72+02 8.31+03 1.82+06 8.55+07 6.74+08 1.29+08 7.32+06 7.22+06 6.29+06

61211 0.00 .1.05.07 -2.08-07 -9.19-07 .2.94.06 .3.43.06 -2.34-05 .8.67.04 .1.27.03 .1.26.03 .1.15.03 .4.80.04

81212 0.00 5.80+06 4.12+06 3.30+05 8.64+04 1.50+01 4.66.01 1.05+01 1.09+02 9.65+02 3.61+03 3.66+03

81213 0.00 .7.72.07 .1.94.07 -1.99-07 -6.93-07 .7.43-05 -8.95.03 .2.17-01 -4.88.01 .2.49.02 .5.95-15 0.00

81214 U.00 .2.73.08 .4.49-08 .2.03-07 .2.58.06 .3.64-04 .1.71.02 .1.35-01 -2.57-02 .1.46.03 .1.44.03 .1.26.03

P0210 0.00 8.63+01 2.09+62 4.91+03 2.37+05 5.21+07 2.44+09 1.93+10 3.66+09 2.09+08 2.06+08 1.80+08

P0211 0.00 .3.19.10 .6.23.10 .2.76.09 .8.82-09 .1.03.08 -7.01.08 .2.60.06 .3.82.06 .3.78.06 .3.46.06 .1.14.06

P0212 0.00 -1611.02 -7.91-03 .6.33-04 .1.66.04 .2.87.06 .8.95.10 .2.01.06 .2.09.07 .1.85.06 .6.94.06 .7.03.06

p0213 0.00 .7055-07 -1490.07 .1.95.07 .6.76.07 .7.27.05 .8.75.03 -2.13-01 -4.77-01 .2.44.02 .5.82.15 0.00

P0214 0.00 .2.73-08 -4.49-08 .2403.07 .2.58.06 .3.61.04 .1.71.02 .1.35.01 .2.57.02 -1.96.03 .1.44.03 -1.26-03

P0215 0.00 .1.05.07 .2.08.07 -9.19-07 .2.94.06 .3.43-06 .2.34-05 .8.67.04 .1.27-03 .1.26.03 .1.15.03 .4.80.01

P0216 0.C.0 .1.74-02 .1.24-02 -9.89-04 -2.59-04 ./.49.08 -1.40-09 .3.14.08 .3.27.07 -2.90-06 -1.08-05 .1.10.05

P0218 0.00 -2.73-08 -4.49-08 -2.03-07 -2.58-06 .3.64-04 .1.71.02 .1.35-01 .2.57.02 -1.46-03 -1.44-03 .1.26.03

AT217 0.00 -7.72-07 .1.94.07 -1.99.07 -6.93.07 .7043.05 -8.95-03 .2.17.01 .4.80-01 .2.49.02 .5.95.15 0.00

RN219 0.00 -1.05-07 .2.08.07 .9.19-07 .2.94.06 -3.43-U6 -2.34-05 -8.67-04 .1.27-03. .1.26-03 -1.15-03 -4.80-04

RN220 0.00 1.74+06 1.24+06 9.89+04 2.59+04 4.49+00 1.40.01 3.14+00 3.27+01 2.90+02 1.08+03 1.10+03

RN222 0.00 9.09+00 1.50+01 6.78+01 8.59+02 14,21+05 5.70+06 4,49+07 8.58+06 4.88+05 4.81+05 4.19+05

FR221 0.00 -7.72.07 .1.94.07 -1.99.07 .6.93.07 .7.43.05 -B.95-03 .2.17.01 .4.88.01 .2.49-02 .5.95.15 0.00

FR223 0.00 .1.61.09 -2.90-09 -1.29-08 -4.11-08 .4.60.08 -3.27-07 .1.21.05 .1.78-05 -1.77-05 -1.62-05 -6.72-06

RA223 0.00 1.31+04 2.60+04 1.15+05 3.67+05 4.29+05 2.92+06 1.06+08 1.59+08 1.58+08 1.14+08 6.00..07

RA224 U.00 8.70+08 6.18+118 4.95+07 1.3U+07 2.25+03 7.00+u1 1.57+03 1.64+04 1.45+05 5.42+05 5.19+05

RA225 0,000 7.98+03 3.86+03 3.99+03 1.39+04 1.49+06 1.79+08 4.35+09 9.75+09 4.98+08 1.19-04 0.00

RA226 0.00 1.38+04 2.25+04 1.02+05 1.29+06 1.82+08 8.55+09 6.74+10 1.29+10 7.32+08 7.22+08 6.29+08

RA228 0.00 1.84+00 2.91+00 8.95+00 1.51+01 5.00+01 1.40+03 3.14+04 3.27+05 2.90+06 1.08+07 1.10+07

AC225 0.00 7.71-07 .1.94.07 .1.99.07 -6.93-07 .7.43.05 -8495.03 -2.17-01 -4.88.01 .2.49-02 .5.95.15 0.00

AC227 0.00 1.44+06 2.59+06 1.15+07 3.67+07 4.29+07 2.92+08 1.08+10 1.59+10 1.58+10 1014+10 6.00+09

AC228 0.00 3.06.03 4.85.03 1. 49.02 2.52-02 8.34.02 2.33+00 5.23+01 5.45+02 4.83+03 1.81+04 1.83+04

TH227 0.00 1.78+04 3.41+01 1.51+05 4.83+05 5.64+05 3•84+06 1.43+08 2.09+08 2.07+08 1.90+08 7.88+07

TH228 0.00 8.78+10 6.15+10 4073+09 1030+09 2.25+05 7.00+03 1,57+05 1.64+06 1.45+07 5.42+07 5.49+07

TH229 0000 2.43+06 2043+06 2.49+06 8.67+06 9.29+08 1.12+11 2.72+12 6.10+12 3.11+11 7014.02 0.00

TH230 0.00 5.02+08 S.03+08 50174.08 1.18+09 2.60+10 2.75+11 1.68+12 3.22+11 1.83+10 1.81+10 1.57+10

TH231 0.00 6.63+04 3.32+02 3.35+02 3.72+02 7.46+02 S.12+03 2.98+04 3.18+04 3.15+04 2.89+04 1.20+04



GE FULLOW!-UN PROPERTIES AFTER SEPARATION

Foolel? = 48.52 MW, BORNUP = 41493.Nwp, FLUX= 2.59+15N/Cm**2-SEC

NUCLIDE INHALATION HAZARD, M+.3 OF AIR AT RCG

BASIS m MT HEAVY METAL cHARGEo TO REACTOR

CHARGE SEPARATION 1.0+00 YR 1.0+01 YR 1.0+02 YR 1.0+03 YR 1.0+04 yR

0•00 1.27..01 1.2b+ui. 1.30+01 1.51+01 5.00+01 1.40+03

TH23'4 0•00 2.C2+0':'• 1.47+06 1.46+06 1.46+06 1.46+06 ;.46+06

PA:fll 0.UU 7.60+07 7.60+(j7 7 • t, 1 + 7 7 • 46+07 8 • 57 +0 7 5.84+0P

0.0C 3.7!)+0 -7 3.71+n7 7,.P:n+0" 4.-rs,07 1.05+0r

-7.92-(;1 -1.46_n3 -1.4f-03

H.

U.fiU

CrIPA: '1•00 ;•Y'1,, 16

rt.12"-!:, 0.0U 6.75i14

CM244 0.00 6.6134-35

L.J. LAJ q.34+11

0.J0 1.95+10

CA12,47 0.00 P.B0+04

SU8TUT 5.05+17 4.04+16

TOTAL 5.85+17 4.09+16

n•Of'

"11,

"C'

• '2 4 „Jr-Pi !').! -"1!- Pi

1 .L , , 9. 1/ • !I

6.;1 4 1', 1.L3+13

• 41! 3.1h-

;',77+ 2.10+1'1 2.q94 P, 1.10+1'

• 1 3•k"4 3 2.1;5+13 4.-,!1+!1 d.00

6.6U+14 S.434 1" 7.74+13 2.6b+us U.00

6.43+15 q.51,415 1.4S+14 1.51-01 U.00

4.34+11 4.34+11 4.31+11 4.03+11 2.06+11

1.95+10 1.95+1e 1.93+10 1.72+10 5.52+09

u.B0+04 6.80404 h.80+04 8.80+04 P.80+04

2.89+16 2.344 16 1.45+16 2.98+15 6.04+14

2.89+16 2.34+16 1.45+16 2.98+1E. 6.04+14

1 .0+05 YR 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09 YR

3.14+04 3.22+0.5 2.90+06 1.084.07 1.10+07

1.46+06 1.47+06 1.46+06 1.4'i+06 1.26+06

2.17+1C 3.18+10 3.15+10 2.R9+10 1.20+10

1.o2+Ui, 7.66+07 4.15+06 9.;4_07 0.00

-1.46-07 -1.47-03 -1,14'!_03

-1. 47-ni, -1,.qq-0("

O.U0 0;3

1. %2 4 1 ! 6.2.1,0c

..!"1
• .1',40'7 3.F- 1 +!Ir

,P 4- i)F, .7.0c -or

•

1 , Z 4 )

!

ri • ;

U•H'

; i

Lfr • !P , 1,•11f

• t'f..)

r • !!'.

( Hr

‘it;'

1+4•L': ov'M 1!: L.W!

4 1 .(,;() ilo!Th u.w) 0.0

3.1 74 in hi.'1'-~~+f14 5.1.04 1.35+03 0-00

0.UU Lt.(Th 0.0n 0.00

0.U0 0.00 0.00 0.CM 0.00

0.00 0.00 0.00 0.00 0.00

2.56+OF 0.00 0.00 0.01) 0.00

6.29+04 0.00 0.00 0.00 0.00

8.77+1.0 ii.15+04 5.61+04 1.39+03 0.00

5.19+13 1• 14+13 6.37+11 6.93+10 3.59+10

5.19+13 1•14+13 6.37+11 6.43+10 3.59+10



GE FULLUA-ON PROPERTIES AFTeR SEPARATION

POWER =

CHARGE

48.52 MY., bURNUP = 41993.MRD, FLUX= 2.59+15N/CM**2-SEC

NUCLIDE INGESTION hAZARU, mro3 0F AATER
BASIS = MT HEAVY METAL CHARGE() TO

SEPARATION 1.0+00 YR 1.0+01 YR 1.0+02 YR 1.0+03 YR 1.0+04 YR

AT NCG
REACTOR

1.0+05 YR 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09 YR
TL207 U.00 -1.04-07 -2.07-07 -9.18-07 -2.93-06 -3.42-0o -2.33-U5 -8.65-04 -1.27-03 -1.26_03 -1.15_03 4.7/1..04

TL2D6 0.00 -6.26-U3 -4.4S-J3 -3.56-04 -9.34-05 -1.62-08 -5.04-16 -1.13-08 -1.18-07 .1.04-06 -3.90_06 -3.95-06

TL209 0.00 -1.70-06 -4.27-09 -4.39-09 -1.53-08 -1.63-06 -1.97-09 -4.78-03 -1.07-02 -5.46-04 -1.31-16 0.00
1=8209 0.00 -7.72-u7 -1.94-07 -1.99-07 -6.93-07 -7.93-05 -8.9S-03 -2.17-01 -9.88-01 -2.49-02 -5.95..15 0.00
P8210
P8211

D.UU
0.00

9.59-03
-1.05-U7

2,10-02
-2.08-07

3.43-01
-9.19-07

1.66+0;
-2.94-06

3.69+03
-3.93-06

1.71+05
-2.34-U5

1.35+06
.-8.67-04

2.57+05

-1.27-03 -1.26-031'16 - 11.:11::n -4,f10:(0)44

pb2I2 0.00 8.70+u2 6.18+02 4.95+01 1.30+01 2.25-03 7•00-05 1.57-03 1.64-02 1.45-01 5.42-01 5.49-01
pb2I9 0.00 -2.73-08 -9.99-08 -2.03-07 -2.58-06 -3.64-04 -1.71-02 -1.35-U1 -2.57-02 -1.96-03 -1.44-U3 -1.26-03

B1210 0.0U 2.34-u5 5.29-05 8.59-04 4.16.-02 9.11+00 4•27+U2 3.37+03 6.44+02 3.66+01 3.61+01 3.14+01
B12Il 0.00 -1.05-07 -2.08-07 -9.19-07 -2.94-06 -3.43..06 -2.34-05 ..8.67-04 -1.27-03 -1.26-03 -1.15-03 -4.80-04
81412 U.00 41,35+U1 3.09+01 2.47+00 6.48.-01 1.12...04 3.50.06 7.85-05 8.18-04 7.24-03 2.71-02 2.75-02
BI213 0.00 -7.72-U7 -1.94-07 -1.99-07 -6.93-07 -7.43-05 -8.95-03 -2.17-01 -9.88-01 -2.99-02 -5.95-15 0.00
61214 0.00 -2.73-U8 -9.49-08 -2.03-07 -2.58-06 -3.64-0h -1.71-02 -1.35-01 -2.57-02 -1.46-03 -1.94-03 -1.26-03
P0210 0.00 6.63-04 2.09-03 4.91-02 2.37+110 5.21+02 2.99+04 1.93+05 3.68.+04 2.09+03 2.06+03 1.80+03
P0211 0.00 -3.14-10 -6.23-10 -2.76-09 -8.82-09 -1.03-a3 -2.60-06 -3.82-06 -3.78-06 -3.46-06 -1.44-06
P0212 0.00 -1.11-02 -7.91-03 -1.66-04 -2.87-06 -8.95-10 .2.01-1.101 -1.85-06 -6.94-06 -7.03-06
pu213 0.0D -7.55-07 -1.90-07 -1.95-07 -6.78-07 -7.27-u5 -6.75-03 -2.13-01 -4.77-01 -2.44-02 -5.82-15 0.00
P0214 0.00 -2.73-08 -4.99-08 -2.03-07 -2.58-06 -3.69-04 -1.71-02 -1.35-01 -2.57-02 -1.46-03 -1.44-03 -1.26-03
P0215 0.00 -1.05-07 -2.06-07 -9.19-07 -2.94-06 -3.43-06 -2.34-05 -8.67-04 -1.27-03 -1.26-03 -1.18_03 -4.80-04

P0216 00CU -1.74-02 -1.24-02 -9.69-04 -2.59-04 -4.99-08 -1.40-u9 -3.19-08 -3.27-07 -2.90-06 -1.08-05 -1.10-05

PU218 0.00 -2.73-06 -4.49-08 -2.03-07 -2.56-06 -3.64-04 -1.71-02 -1.35-01 -2.57-02 -1.46-U3 -1.44-U3 -1.26-03

AT217 0.06 -7.72-J7 -1.94-07 -1.99-07 -6.93-07 -7.43-U5 -8.95-03 -2.17-01 -4.88-01 -2.49-02 -5.95-15 0.00
RN219 0.00 -1.05-07 -2.08-07 -9.19-07 -2.94-06 -3.43-06 -2.34-05 -8.07-04 -1.27-03 -1.26-03 -1.15-03 -4.80-04

RN220 0.UU -1.74-02 -1.29-02 -9.69-09 -2.5"7-04 -4.49-U8 -1.40-09 ..3.14-08 -3.27-07 -2.90-06 ...14.08-05 -1.10-05

RN222 0.00 -2.73-08 -4.49-08 -2.U3-07 -2.58-06 -3.69-L14 -1.71-02 -1.35.01 -2.57-02 -1.46-03 -1.44-03 -1.26.03

FR22I 0.00 -7.72-07 -1.94-07 -1.99-07 -6.93-07 -7.43-05 -15.95-03 -2.17-ul -4.88-01 -2.49-02 -5.9S-15 0.00
FR223 0.00 -1.61-09 -2.90-09 -1.29-08 -9.11-08 -4.80-08 1•21-05 -1.78-05 -1.77-U5 -1.62-05 -6.72.06

RA223 0.00 1.50-01 2.97-01 .31+00 9.20+00 4.90+00 3.34+01 1.24+03 1.82+03 1.80+03 1.65+03 6.85+02

RA224 3.00 8.70+03 6,18+03 4.95+02 1.3U+02 2.25-02 7.00-04 1.57-02 1.64-01 1.45+00 5.42+00 5.49+00
RA225 0.00 6.65-01 3.24-01 3.32-01 1.16+00 1.29+02 1.49+09 3.62+05 8.13+05 4.18+04 9.92-09 0.00
RA226 0.00 9.18-01 1.50+00 6.76+00 8.59+01 1.21+4.14 5.70+05 4.49+06 6.58+05 9.60+04 4.81+04 4.19+04
RA226 0.00 6.12-05 9.70-05 2.98-04 5.03-09 1.67-03 4.66-02 1.05+00 1.09+01 9.65+01 3.61+02 3.66+OZ
AC225 0.00 -7.71-07 -1.94-07 -1.99-07 -6.93..07 -7.43_05 -6.95-03 -.2.17-01 -4.88-01 -2.49-02 -5.95-15 0.00
AC227 0.00 5.75-02 1.04-01 4.59-01 1.47+00 1.72+00 1.17+01 4.34+02 6.36+02 6.30+02 5.77+02 2.40+02

AC228 0.00 2.09-06 3.23-08 9.95-08 1.68-07 5.56-07 1.55-05 3.49-09 3.64-03 3.22-02 1.20-01 1.22-01
TH227 0.00 5.35-03 1.02-02 4.53-02 1.45-01 1.69-01 1.15+00 4.28+01 6.27+01 6.22+01 5.69+01 2.37+01

TH228 U.00 2.51+03 1.76+03 1.41+02 3.70+01 6.91-U3 2.00-09 4.49-03 4.67-02 9.19-01 1.55+00 1.57+00
TH229 0.j0 9.70-02 9.71-02 9.97-02 3047°.01 3071+01 4047+03 1009+05 2.44+05 1.25+04 2.98-09 0.00
TH230 0.00 2.01+01 2.01+01 2.07+01 4.71+01 1.09+03 1.10+04 6.73+09 1.29+09 7.32+02 7.22+02 6.29+02
TH231 00UU 1.33+01 6.63-02 6.71-02 7.43-02 1.49-01 1.02+00 5.95+00 6.36+00 6.30+00 5.77+00 2.40+00



POWER

TH232
TH234

PA231
PA233
PA234m

PA234

U232
U233

U234
U235

U236
U237

U238
NP237
NP239
pU236

PU238
PU239
PU240

PU241

PU242
PU243

AM291
AMZ42M
AM242
AM243

CM242
CM243

CH244
CM245
CM246
CH297

SUBTOT
TOTAL

GE FOLLOW-4A._ PRO,PERTIES _AFTER SEPARATION

48.52 Milo BURNUP r 4149301WD. FLUXa 2•59+15N/C116012...SEC

CHARGE
O.U0
0.00
0.00

0.00
0.00

0.00
0.00
0.00

6.01+04
1.35+02
3.10+03

0.00
7.79+03

0.00

0.00
.3.38+00

3.79+09

4.46+0

6.48+08

3.26+09

1.84+06

0.00
2.84+08

0.00

U.00
0.00
0.00

0.00
0.00

0.00
0.00

0000
8.43+09

8.43+09

SEPARATION
6.37.06

1.46+04
3.38+00

2022+03

8001+00
2.99-02

2.67+02
4012..01
1.49+01

.1.84-01
3.65+01

7.39+0N

5.44+05

1.20+07
3.26+06
3.41+06

7.70+06
9.23+U3

2.93-07
4.97+08

4.90+07
1.96+06
1.36+07

3.99+09

2.70+07
2.86+08

2.17+04
9.77+02

4.40..03
4.89+09

4.89+09

1.0+00 YR
6.36.06

7•35+01
3.38+00
2.22+03

..1•47..03

.1.97-06

1•08+01

6.50..02
2•91+02

N.42-01
1050+01

3.65+ol

7.41+04

5•44+05

-8.00-03
7.47+07

3.26+06

3.45+06
7.35+06

9.24+03

5.8%05
4.97+08
4•88+02
1•95+06

1.36+07

8.50+08
2.64+07

2.7+08
2.17+04

9•77+02
4.40.03
1•80+09

1.80+09

1.0+01 YR
6.46.-06

7.31+01

3.38+00

2.28+03
.1.46.03

.1.46.06

1088+01

3.54.01

6.68+02
4.47.01

1.!+PI
-2.41.02

3.65+01
.7.61+04
5.44+05

-8.97-04

8.76+07
3.27+06

3.75+06

4.82+06

9.35+03
5.87..05

4.94+08
4.68+07

1.87+06

1036+07
7.68+06
2.17+07

1.95+08
2.17+04

9.76+02
9•4003

8.81+08

8.81+08

NUCLIDE INGESTION HAZARD, P140*3 OF WATER AT RCG

BASIS x MT HEAVY METAL CHARGED TO REACTOR

1.0+02 YR 1.0+03 YR 100+04 YR

7.55.06 2.50-05 7.00.04

7.31+01 7.31+01 .7.31+01
3.40+00 3.81+00 2.60+01

'2082+03 5051+03 6.33+03

.1.46703 .1.4603.

8.42+00 1.46-03 0.00

3.64+00 6.10+01 8.56+02
3.64+03 8.97+03 8.81+03
4.95.-01 9.94-01 6.83+00

1.70+01 3.54+01 1.50+02
-3.59-04 -2.02-06 -1.03-09
3.65+01 3.65+01 3.65+01
9.42+04 1.64+05 2.11+05

5.39+05 4.97+05 2.20+05
-2.81-13 0.00 0.00

5.59+07 3.87+05 0.00
3.31+06 3.49+06 4.21+06
4.42+06 4.05+06 1.61+06

7.17+04 4.04+02 2.07+02

1.03+04 1.20+04 1.18+04

5.67-05 5.87-05 5.87-05

4.35+08 1.03+08 104+04
3.11+07 5.13+05 7.76-13
1.24+06 2.05+04 3.10-14

1.35+07 1.24+07 5.50+06

5.09+06 8.41+04 0.00

3.09+06 1.06-02 0.00
6.22+06 6.74-09 0.00
2.16+04 2.02+04 1.03+04
9.65+02 8.61+02 2.76+02
4.40.03 4.40-03 4.40-03
5.59+08 1.25+08 1.26+07

5.59+08 1.25+08 1.26+07

1.0+05 YR 1.0+06 YR 1.0+07 YR 1.0+68 YR 1.0+09 YR
1.57-02 1.64-01 1.45+00 5.42+00 5.49+00

7.31+01 7.33+01 7.32+01 7.22+01 6.29+01

9.64+02 1.41+03 1.40+03 1.28+03 5.33+02
6.15+03 4.59+03 2.49+02 5.48..11 0000

-1.46-03 -1.47-03 -1.46-03 -1.44-03 -1.26-03

-1.46-06 -1.47-06 -1. 46-06 -i049-06 -1.26-06

0.00 0.00 0.00 0.00 0.00
7.22+03 1.62+04 8.30+02 1.98-10 0.00

6.85+03 5094+02 4.88+01 4.81+01 4.19+01
3.97+01 4.24+01 4020+01 3.85+01 1.60+01
2.26+02 2.20+02 1.69+02 1.25+01 5.79-11

.1.28.49 0.00 0.00 0.00 o.00

3.66+01 3.66+o1 3.66+01 3.61+01 3.14+01

2.05+05 1.53+05 6.30+03 1.83-09 0.00
6.33+01 1.69-04 1.16-04 2.78-06 0.00

0.00 0.00 0.00 0.00 0.00
o.pu o.00 0.00 0.00 0.00
4.82+05 3.38..03 2.35.03 5.55-05 0.00

1.58+02 0.00 0.00 0.00 0.00

2.57..01 U.00 0.00 0.00 0.00

1.01+04 1.94+03 1.38-04 0.00 0.00
5.85.05 5.63-05 3.88..05 9.26..07 0.00

1.28+01 0.00 0.00 0.00 0.00

0000 0000 0.00 0.00 0.00

0000 0.00 0.00 0.00 0.00
1.58+03 4.22-03 2.91-03 6.94..05 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
p.00 0.00 0.00 0.00 0.00

1.28+01 0.00 0.00 0.00 0.00
3.15.03 0.00 0.00 0.00 0.00
4.3803 4.22-03 2.91-03 6.94..05 0.00

7.30+06 2.40+06 1.34+05 6.96+04 5.90+04
7.30+06 2.40+06 1.34+05 6.96+04 5.90+09



2.G.15 BNWL-1900
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GE. FOLLOWON PROPERTIES AFTER SEPARATION

POWER s 48.52 MW, BURNUP * 414930MWD, FLUX* 2.59+15N/CM 1.02-SEC

NUCLIDE CONCENTRATIONS. GRAMS
BASIS a MT HEAVY METAL CHARGED TO REACTOR

CHARGE SEPARATION 1.0+00 YR 1.0+01 YR 1 .0+02 YR 1.04.03 YR 1.0+04 YR 1.0405 YR 1 .04'06 YR 1.04'07 YR 1.0+08 YR 1.0409 YR
H 3 0.00 1.20-01 1.13.01 6.82.02 4.28+04 4.07-26 0.00 0.00 0.00 0.00 0.00 0.00

GE 72 0.00 2.35.04 2.35-04 2035+04 2.35.04 2.35-04 2.35+04 2.35-09 2.35.04 2.35.04 2.35.04 2.35-04

GE 73 0.00 1.18.03 1.18-03 1.18-03 1.18+03 1.18-03 1.18.03 .1.18-03 1.18.03 1.18+03 1.18.03 1.18-03

GE 74 0.00 4.80.03 4.80+03 4.80-03 4.80-03 44,80+03 4.80-03 9.80-03 4.80+03 4.80+03 4.80-03 9.80-03

AS 75 0.00 3.59.02 3.59.02 3.59+02 .3.59+02 3.59-02 3.59.02 3.59-02 3.59+02 3,59+02 3.59.02 3.59.02

GE 76 0.00 7.38.02 7.38.02 7.38-02 7.38-02 7.38.02 7.38+02 i.34-02 7.38.02 7.38:.t12 7.38.02 708+02

SE 76 0.00 9.98-04 9.98.04 9.98-04 9.98-04 9.98.04 9.98+04 9.98-04 9.98.04 9.98+04 9.98.04 9.98+04
SE 77 0.00 2,21+00 2.214.00 2.21+00 2,21+00 2.21+00 2.21+00 2.214.00 2.21+00 2.214.00 2.21+00 2.21+00
SE 78 0.00 5.16+00 5.16+00 5.16+00 5.16+00 5,16+00 S.16+00 5.16+00 5.16+00 5.16•00 5.16+00 5,16400
SE 79 0.00 9.32+00 9.324.00 /.32.+00 9.31+00 9.23+00 8.38+00 3.21+00 2.18+04 0.00 0.00 0.00
BR 79 0.00 1,35.04 2.34-04 1.13-03 1.01+02 9.90-02 9.43-01 6.11+00 9.32+00 9.32400 9.32+00 9.32+00
SE 80 0.00 1.39+01 1.39+01 1.39+01 1.394.01 1.39+01 1.394'01 1.39+01 1.39+01 1.39+01 I.39+0i 1.39401

KR 80 U.00 2.09+00 2.09+00 2.09+00 2.09+00 2.09+00 2.09+00 2.09+00 2.094'00 2.09+00 2.09+00 2,09+00
8R 81 0.00 2.60+01 2,60+01 2.60+01 2.60+01 2.60+01 2.60+01 2.60+01 2.60+01 2.60+01 2.60+01 2.60+01
KR 81 0.00 8.56.03 8.56.03 8.56+03 8.56-03 8.56-03 6.56.03 8.56.03 8.56+03 8.56+03 8.56.03 8.56-03

SE 82 0.00 3.96+01 3.96401 3.96+01 3.96+01 3.96+01 3.96+01 3.96+01 3.96+01 3.96•01 3.96+01 3.96+01
KR 82 0.00 8.91-01 8.91+01 8.91-01 8.91-04 8.91-01 8.91.01 8.91-01 8.91.01 8.91-01 8.91.01 8.91.01
KR 83 0.00 5.72+01 5.72401 5.72+01 5.72+01 5.72+01 5.72+01 5,72+01 5.72+01 Š.72+01 5•72+01 5,72+01
KR 84 0.00 9.25401 9.25+01 9.25+01 9.254'01 9.25+01 9.25+01 9.254'01 9.25+01 9.25+01 9.26+01 9.25+01
KR 85 0.00 2.41+01 2.26+01 1.27+01 3.94+02 3.27-27 0.00 0.00 0.00 0.00 0.00 0.00
RB 65 0.00 8.59+01 8.74+01 903+01 10104'02 1.10+02 1.10402 1.10+02 1.104'02 1.10+02 1.10+02 1.10+02
KR 86 0.00 1.59+02 1.59+02 1.59+02 1.59+02 1.59+02 1.59+02 1.59+02 1.59+02 1.59+02 1.59+02 1.59+02

RD 86 0.00 2.74.03 3.63.09 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SR 86 0.00 1.21+u0 1.21+00 1.21+00 1.21+00 1.21+00 1.21+00 1.21+00 1.21+00 1.21+00 1.21+00 1.21+00
RB 87 0.00 2.03+02 2.034.02 2.03+02 2.03+02 2.03+02 2.03+02 2.03+02 2.03+02 2.03+02 2.03+02 2.00+02
SR 87 0.00 9.30-03 4.30-03 4.30+03 4.30-03 4.30-03 4.33+03 4.58.03 7.11+03 3.24-02 2.85.01 2.80+00
SR 88 0.00 2.53+02 2.53+02 2.53+02 2.53+02 2.53+02 2.53+02 2.53+02 2.53+02 2.53+02 2.53+02 2.53+02
SR 89 0.00 8.92+00 6.90-02 6.50-21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

y 89 0000 3.37+02 3,454'02 3.45+02 1.45+02 4.45+02 3.45+02 3.45+02 3.45+02 3.45+02 3.45+02 3.45+02
SR 90 0.00 3.76+02 3.67+02 2.94+02 3.19+01 7.32.09 0.00 0.00 0.00 0.00 0.00 0.00
Y 90 0.0 9.27.02 9.53+02 7.63-02 8.29+03 1.90-12 0.00 0.00 0.00 0.00 0.00 0.00

ZR 90 0.00 1.38+01 2.30+01 9.60+01 3.58+02 3.90+02 3.90+02 3.904'02 3.904.02 3.904'02 3,90+02 3.90+02
Y

ZR
91
91

0.00
0.00

1.71+01
4.85+02

2.31+01
5.01402

3.45.18

5.02+02
0.00
5.02+02

0.00
5.02+02'

0.00
5.02+02

0.00
5.02+02

n.00
5.02.02

0.00
5.02+02

0.00
5.02+02

0.00
5.02+02

ZR 92 .0.00 5.674'02 5.87+02 5.874.02 5.87+02 5.87+02, 5.87+02 5.87+02 5.87+02 5.87+02 5.87+02
ZR 93 0.00 6.85+02 6..85+02 6.85+02 6.65+02 6.14+02 6.82+02 6.54+02 4•31+02 6.75+60 0.06'
NB 93M 0.00 4.30.04 7.12-0y 2.74-03 6.17+03 6,20+03 6.18+03 5.93-03 3.91+03 6.12-05 5,35.23 0.00
NB 93 0.00 1.97.05 4.90-05 8.26.04 2,59+02 3.10+01 3.15+00 3.09+01 2.53+02 6,784.02 6.85+02 6.85+02
ZR 94 0.00 8.25+02 8.25+02 8.25+02 8.25+02 8.25402 8.254.02 8.25+02 8.25+02 8.25+02 8.25+02 8.25+02
ZR 95 0.00 3.98+01 8.11-01 4.88+16 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00



GE FULLUw-ON PROPERTIES AFTER SEP/OATION

POIVEN = 48.52 Ma, 8UkNuP = 41493.MOD, FLUX* 2.59+1514/CW..2-SEC

CHARGE SEPARATION 1.0+00 yk 1

NB 95M O.U0 4.68-02 9.93-04

NB 95 0.00 3.55+01 9.62-q1

MO 95 0.00 8.58+02 9.31+02

ZR 96 0.00 9.44+02 9.44+62

MO 96 0.00 2.27+01 2.27+O1
MO 97 0.00 9.18+02 9.18+02

MU 98 G.JO 1.03+ -33 1.03+03

TC 99 0.00 1. -J7+03 1.07+)3

RU 99 0.00 4.80-03 8.29-u3

0.00MO100 1.11+03 1.11+63

RUIU0 0.1J0 3.79.01

Ru101 3.00 1.U54-33 

3.79+JI

1.05+03

RU102 1.O0 1.21*J3 1.21+J3
RU103 U.uU 1.';9+,11 7.t7-;12

RN103:1 0.00 1. 'Yl-U2 2 . i,7-35

RN103 (I.J0 1.1+j3 1.12+ ;3

RU104 0.V0 1.+U3 1.60+!1 3

PD104 0.00 9.11-03 ri.L'1- 1_, 3

PD105 U.00 1.99+n2 6.9'1 +12
RU106 J.:10 1.73.. 2.i....j?

RH1u6 !.1.:J0 ?.3'.-u4 1.A8-,14

PDIO6 0.60 :....U1+0i. 7.'z,.+ 12

P0107 3.0U 6.2+ui i'.02+.12

AG107 0.00 8.2-05 1.4i-,e,i

P0108 j.L10 4.99+02 4.99+:12

CD108 J.30 2.1-uJ, ).A3-6

AG109 0.00 2.5.+02 2.,,,+,?

CD109 1..00 2.21-06 1.21-.:

PU11U 3.00 1.39+J2 1.39+ -

AG110H 0•CJ 2..-"1..1 9.34-12

AG110 H.OU 3.66-OU 1.3 -01

CD110 fje00 2807+1)1 2.0+JI

CD111 3.;1U 6.2m+01 i'.28+ " 1

C0112 0.00 3.39+01 J.39+01

CDI13M j.00 7.22-01 6.H7-;01

CD113 0.00 1 . L8+01 1.56+il

IN113 0.30 3.47-02 6.95-i2

CD114 0.00 2.14+01 2 . 1 4 . ii

INII4m 0.0u 6.01-05 3.81-1 1

INI I 4 0600 9.67-10 6.12-12

NUCL10E CONCENTRATIONS, GRAMS
00%515 = MT HEAVY METAL CHARGED TO REACTOR

.0+01 YR

5.96-19

5.58-16
9.33+02

9.44+32

2.27+01

9.16+02

1.0+03

1.c7+03

3.98-02

1.11+03

3.79+01

1.6E+03

1.21+03
2.77-22

2.77-3u

1.12+33

1.n8+03

9.(1-03

8.9i+02

3.51-31

3.39-17

6.1,2+02
6.7i-o4

4.,f9+02
7.63-06

2.65+12

3.24-11

1.39+32
1.1.)-A5

1..7-12
2.09+01

6.23+31

3.3Y+A 1

48 400I

10',7.0+0 I

3.16-j1
2.14+01

6.22-27

1.(;0-31

1.0+02 YR
0.00

o.00

9.33+02

9.44+02

2.27+01

9.1 8+02

1.03+03

1.07+03
3.54-01

1.11+03

3.79+01
1.05+03

1.21+63

1812+03
18_10+03

9.01-n3

n.?9+02
3 .

3.74-34

6.;_2+02

6.0=,-113

2.63-06

2.65+02

).20-32

1.1/4.02

(,.00

2.09+01

.28+01

3.39+01

:).11-03

1.bj+01

2.1 4+01
j • I..

LI.60

1.0+03 YR

0.60

D.00

9.33+02

9.44+J2
2.27+01

9.15+02

1.03+03
1.07+03

3.50+00

1.11.+U3
3.79rui

1.05+03

1.21+03
0.00

0.G0
1.12+u3

1.68+13

9.u1-03
8.99+02

04.[J,
O.LU

9.'„)6+02
6.0+1-12
5.97..U2
4.99+u2

2.63-U6

2.6E,4.U2

0..b0
1.39+,32

0.00

O.U0

2.09+Ul

6.28+01
3.39+01

2.3G_22

7.56-01

2.14+01

0.00

0.00

1.0+04 YR

0.00

0.0a
9.33+1,2

9.44+02

2.27+ul

9.18+62

1.034'03

1.04+03

3.44+Ul

1.11+J3

3.79+01
1.05+u)

1.21+03

0.00
U.00

1.12*J3

1.08+03

Y•fil-03
0•99.1j2

C006

uo00

6.,J2+LI2

5.96-:J1

4.99+02

2.63-06

2.65+02
b.OU

b.00

0.00

2.09+ul

6.78+01

3.39+ol

0 • 10
1.58+J1

7.56-01

2.14+,1

0.00

0.00

1.0+Uy YR 1.0+06 YR 1.0+07 Yk 1.0+08 YR

0.uU 0.00 0.00 0.0U

0.u0 0.00 O.U0 0.00

9.33+02 9.33+02 9.33+02 9.33+02

9.44+02 9.44+02 9.44+02 9.44+02

2.27+01 2.27+01 2.27+01 2.21+01

9.16+02 9.18+02 9.18+02 9.18+02

1.03+03 1.03+03 1.U3+03 1.03+03

7.71+u2 4.07+01 6.80-12 0.00
2.94+02 1.03+03 1.07+03 1.07+133

1.11+03 1.11+03 1.11+03 1.11+03

3.79+01 3.79+01 3.79+01 3.79+01

1.u5+u3 1.05+03 1.05+03 1.05+03

1.21+03 1.21+03 1.21+03 1.21+03

Oejr. U.OU 0000 0800

0800 0000 0000 000U

1012+03 1812+03 1012+03 101 2+03

1803+03 1006+03 1.08+03 1.05+U3

9.01-03 9.01-03 9.01-03 9.01-03

8.99+U2 8.99+02 S.99+02 8.99+32

0.0u 0.00 0.00 U.00

0.00 u.nU 0.00 0.0U

9.06+02 9.U6+02 9.06+02 9•06+02

5.96+02 5.46+02 2.24+02 3.62-02

5.93+0P 5.68+01 3.79+U2 6.02+02

4.99+02 4.99+02 4.99+02 4.99+02

2.63-U6 2.63-06 2.63-06 2.63-u6

2.65+02 2.65+02 2.65+02 2.65+02

0.00 U.OU 0.00 o.ou

1.39+u2 1.39+02 1.39+32 1.39+02

0.10 U.uu 0.00 6.00

0.u0 0.00 0.00 0.00

2.09+01 2.09+01 2.09+01 2.09+01

6.26+01 6.28+01 6.28+01 6.28+01

3.39+01 3.39+01 3.39+01 3.39+01

ci.,jo u.ou 0.00 O.00

1.S6+01 1.58+01 1.58+01 1.58+01

7.s6-01 7.56-01 7.56-01 7.56_01

2.14+u1 2.14+01 2.14+01 2.1 8+u1

0.1.10 0.00 0.00 0.00

0.ou 0.00 0.0C 0.00

1.0+09 YR

0.00

0.00

9.33+02

9.44+02
2.27+01

9.18+02

1.03+03

0.00
1.117+03

1.11+03

3.79+01

1.05+03

1.21+03

0.00

0.00

1.12+03

1.08+03

9.O1-03

8.99+02

0.00

O.U0

9.06+02

0.00

6.02+02

4.99+02
2.63-06

2.65+02

0.00
1.39+02

U.00

U.LO
2.09+01

6.28+01
3.39+01

0.00

1.58+01

7.56-01

2.14+01

0.00

0.140



GE FOLL04-.ON PROPERTIES AFTER SEPARAT/ON

PORER =

CHANGE

48.52 MW. BURNUP = 41993.M*D.TLUX* 2.59.15N/CM6.2-SEC

NUCLIDE CONCENTRATIONS. GRAMS
BASIS m MT HEAVY METAL CHARGED TO

SEPARATION 1 .0+00 YR 1.0+01 YR 1.0+02 YR 1.0+03 YR 1.0+04 YR

REACTOR

1.0+05 YP 1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+0 YR
SN119 0.00 1.06-03 1.11-03 1.11-03 1.1103 1011..03 1.11-03 1.11-03 1.11-03 1.11-03 1.11-03 1.11-03
C0115m 0.00 2.19-02 6.08-05 5.97-28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INI15 0.00 1.66+01 1.66+01 1.66+01 1,66+01 1.66+01 1.66+01 1.66+01 1.66+01 1.66+01 1.66+01 1.66+01
SNI15 0.00 8.24.01 8.24-01 8.24.-01 8.24-01 8.24..01 8.24-01 8.24-01 8.24-01 8.24-01 8.24-01 8.241-01
CUII6 0.00 1.67+01 1.67+01 1,67+01 1.67+01 1,67+01 1.67+01 1.67+01 1.67.01 1.67+01 1.67+01 1.67+01

SNII6 0.00 1.09+00 1.04+00 1.04+00 1.04+00 1.09+00 1.04+00 1.04+00 1.04+00 1.04+00 1.09400 1.09+00
SNI17 0.00 1.63+01 1.63+01 1.63+01 1.'63+01 1.63+01 1.63+01 1.63+01 1.63+01 1.63+01 1.63+01 1.63+01
SN118 0.00 1.70+01 1.70+01 1.70+01 1.70+01 1.70+01 1.70+01 1.70+01 1.70+01 1.70+01 1.70+01 1.70+01

SNII9m 0.00 4.82-02 1.75-02 1.93-06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SN119 0.00 1.65+01 1.65+01 1.65+01 1.65+01 1.65+01 1.65+01 1.65+01 1.65+01 1.65+01 1.65+01 1.65+01
SNI20 0.00 1.77+01 1.77+01 1.77+01 1.77+01 1.77+01 1.77+01 1.77+01 1.77+01 1.77+01 1.77+01 1.77+01
SN121m 0.00 3.46-09 3.43-04 3.16-04 1.39.04 3•80..08 0.00 0.00 0.00 0.00 0.00 0.00
SB121 0.00 1.77+01 1.77+01 1.77+01 1.77+01 1.77+01 1.77+01 1.77+01 1.77+01 1.77+01 1.77+01 1.77+01
SNI22 0.00 1.94+01 1.94+01 1.94+01 1.94+01 1.94+01 1.94+01 1.94+01 1.94+01 1.94+01 1.94+01 1.94.01
TE122 0.00 5.8301 5.83-01 5.83-01 5.83..01 5.83-01 5.83-01 5.83-01 5.83-01 5.83-01 5.83_01 5.83-01
SN123m 0.00 1.30+00 1.72-01 2.09.09 0.00 0.00 0.00 04,00 0.00 0.00 0.00 0.00

C")

Se123 0.0U 2.03+01 2.14+01 2.16+01 2,16+01 2.16+01 2.16+01 2.16+01 2.16+01 2.16+01 2.16+01 2.16+01 CO

TE123m 0.00 G.99..04 6.89-05 2041..13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TE123 0.00 6.67-03 7.20-03 7.27..03 7.27-03 7.27-03 7.2%03 7.27 03 7.27-03 7.27-03 7.27.03 7.27-03
SNI24 0.60 2.63+01 2.63+01 2.63+01 2.63+01 2.63+01 2.63+01 2.63+01 2.63+01 2.63+01 2.63+01 2.63+01
S13124 0.00 3.90-02 5.78-09 1036..20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TEI24 0.00 5.22-01 5.60-01 5.61..01 5.61-01 5.61-01 5.61..01 5.6101 5.61-01 5.61-01 5.61-01 5.61.01

58125 0.00 2.97.01 1.91+01 1.90+00 1.76-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TE125M 0.00 5.69-01 4.65-01 4.62..02 4.29-12 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TE125 0.00 9.39.0U 1.51+01 3.27+01 3.46+01 3.46+01 3.46+01 3.46+01 3.46+01 3.46+01 3.86+01 3.46+01

5N126 0.00 5.41+01 5.41+01 501+01 5.40+01 5.37+01 5.05+01 2.70+01 5.29-02 4.33-29 0.00 0.00
SB126m 0.00 1.95-013 1.85-08 1.95..08 1.95-08 1.94-08 1.82-08 9.77-09 1.91-11 0.00 0.00 0.00
58126 0.00 5.32-04 1.83-05 1.83..05 1.83-05 1.82-05 1.71-05 9.16-06 1.79-08 0.00 0.00 0.00
TEI26 0.00 3.07+00 3.07+00 3.07+00 3.11+00 3.44+00 6.69+00 3.01+01 5.71+01 5.71+01 5.71+01 5.71+01
TEI27m 0.00 2.09+00 2.05-01 1.72..10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TE127 0.00 7.43.03 7.29-04 6,11..13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1127 0.00 8.29+01 8.48.01 8.50+01 8.50+01 8.50+01 8.50+01 8.50+01 8.50+01 8.50+01 8.50+01 8.50+01

TEI28 0.00 1.53+02 1.53+02 1,53+02 14,53+02 1.53+02 1.53+02 1.53+02 1.53+02 1.53+02 1.53+02 1.53+02
XE128 0000 3.98+00 3.98+00 3.98+00 3,98+00 3.98+00 3.98+00 3.98+00 3.98+00 3.98+00 3.98+00 3.98+00
TE129m U.00 B.95-01 4.94-U4 3094..33 0.00 0.0? 0•00 0.00 0.00 0.00 0.00 0.00
TEI29

1129
0.00
0.00

7.63-U4
2.63+02

9.46-07
2.63+02

3,56..36
24,63+02

0000
2.63+02

0.00
2.63+02

0.00
2.63+02

0.00
2.62+02

0.00
2.53+02

0.00

1.75+02

0.00

9.97+00
(1.61,
5.21-16

XEI29 0.00 2039-02 2.40-02 2.41..02 2.5002 3.87..02 1.31-01 1.10+00 1.05+01 6.82+01 2.59+02 2.63+02
TE130 0.00 5.31+02 5.31+02 5.31+02 5.31+02 5.31+02 5.31+02 5.01+02 5.31+02 5.31+02 5.31+02 5.314.02
XE130 0000 1.28+01 1.28+01 1.28+01 1.28.001 1.28+01 1.28+01 1.28+01 1.28+01 1.28+01 1.28+01 1.28+01



Ca. FOLLOON PRDPE3TIE5 AFTER SEPARAT1UN

PONER = 48.52 Mh, 110101UP = 41493.MvD, FLUX= 2.59+15N/Cm.102.5EC

XL131m
XE131
XEI32
CS133
XE134
C5134

BA134
C5135

BA135
XE136

CS136
BA136

CSI37

BA137m
6A137
6A138

LA139
BA140

LA14U
CE140
CE141

PR141
CE142

ND142

PR143
NO143

CE144
PR14'1

ND1q4
N0145

ND146
NDI47

PM147

5M147

ND146
PH1q8m
PMI4B

Sm1q6
Smim9

NDISO

CHARGE

U.L10

0.00
0000
0.00
U.GO
0.00

0.00
0.00

0.00
LI.U0

U.U0
0.u0

0.00
0.00
0.00
0.00
0.00

0,000
0.00

0,000

0.00
0.00

0.00
0.J0
0.00
0.00

0.00

0.00
0.00

0.00
0,0U0
0,000
0.00

U..110
0.00
0.00

0.00
U.00
0,000

SLPARATION

bo62.-03
8.28+02

9.79+02
1.36+03
1.58+03
3.16+01
1.24+01
1.59+03

1.010..02
1.64+03

1.81-02
6.62+01
1.62+03

2.45..04

5.37+01
1.57+03
1.39+03

2.23-01
3.36..02
1.37+03

9.27+00
1.15+03

1.38+03
7.79+00

3.32.-01
1.14+03

3.26+02

7.11+02
7.87+02

7.71+02
4.14-02
3.78+02
1.59+02

4.69+02

7.86-01
8.12..03

6.33+01
3.97+02
2.65+02

1.0+00 YR

2.94.-12
8.26+62

9.79+02
1,036+03

1,58+03
2.27+01

2.15+01
1.59+03

1.05..02
1.64+03

6.3511
6.62+01
1.58+03
2.39..04

9.07+01
1.57+03

1.39+03

*3.67..11
1.37+03

3.75-03

1.16+03

1.38+03

7.79+00
3.14-u9
1.14+03
1.34+02

5.66..03

9.03+02
7.87+02

7.71+02
5.17..12

2.91+02
2.47+02

4.69+02

100-.03
1.96..05

6.41+01
3.97+C2
2.65+02

NUCLIDE CONCENTRATIONS. GRAMS

HASIS = mT HEAVY METAL CHARGED TO REACTOR

1.0+01 YR

0.00
8.26+02

9.79+02
1.36+03

1.56+03
1.08+00

4.31+01
1.59+03

1.38.-02
1.64+03

O.U0

6.62+01

1.29+03
1.94-04

3.88+02
1.57+03

i.39+03

n.00

0.00
1.37+03

1.09-33

1.1 6+03
1.38+03

7.79+00
0.00
1.1 4+03
4.39-02
1.86-06

1.04+03
7.87+02

7.71+02

0.00
2.69+01

5.10+02
4.69+02
5.28.-27

5.46-29

6.41+01
3.97+02
2.65+02

1.0+02 YR

0.00
b.28+02
9.79+02
1.36+03
1.58+03
6.62-14

4.41+01
1.59+03

4.67..02

1.64+03
0.00

6.62+01
1.61+02
2.4J-05

1.51+03

1.52+03
1.39+03

0.00
0.00
1.37+03

0.00
i.16+03

1.38+03

7.79+00

0.00
1.14+03
6.41..37
0.00

1.04+03

7.87+02

7.71+02
0.00
1.23..09

5.37+02

4.69+02

0.00
0.00
6.41+01
3.97+02
2.65+02

1.0+03 YR 1.0+04 YR

0,000 0.00
8.28+02 8.28+02
9.29+02 9.79+02
1.36+03

1.58+03
0.00
4.41+01
1.58+03

3.76..01

1.64+03
0.00

6.62+01
1.51.-07
2.28..14
1.68+03

1.57+03
1.39+03

0.00

0.00
1.37+03
0000
1.16+03

1.38+03
7.79+00

0.00
1.14+03

0.00
0.00

1.04+03

7.87+02

7.21+02
0,000
0.00

5.37+02
4.69+02

0.00

0.00

6.41+01

3.97+02
2.65+u2

1.36+03
1.58+.03

0.00

4.41+01
1.58+03

3.62+Un
1.64+03

0.00

6.62+Ul
0.00
0.00

1.68+03
1.57+03

1.39+03

0.00
0.00
1.37+03

0.0U

1.16+03
1.38+03

7.79+00
0.00
1.14+03
0.00
0.00

1.04+U3
7.87+u2

7.71+02
0.00

0.00
5.37+02
4.69+02

u.00

0.00

6.41+01

3.97+02
2.65+02

1.0+U5 YR

0.00
8.28+02
9.79+02
1.36+03

1.58+03
0.00
4.41+01
1.55+03

3.62+01
1.64+03

0.00
6.62+01

0.00
0.00
1.68+03

1.57+03

1.39+03

0.00

0.00
1.37+u3

0.110
1.16+03
1.38+03

7.79+00
0.00
1.14+03

001,11
0.00
1.04+03
7.67+02

7.71+02
0.00
0.00

5.37+U2
4.69+02

0.00

0.00

6.41+01
3.97+02

2.65+02

1.0+06 YR

0.00
8.28+02
9.79+02
1.36+03

1.58+03
0.00

4.41+01
1.26+03

3.27+02
1.64+03

0.00
6.62+01

u.00
0.00
1.66+03
1.67+03

1.39+03

0.00
0.00
1.37+03

U.00

1.16+03
1.36+03

7.79+00
0.00
1.14+03

D.00
0.00

1.04+03
7.67+02

7.71+02
0.00
u.00

5.37+02

4.69+02
0.00

0.00

6.41+01
3.97+02

2.65+02

1.0+07 YR
0.00

8.28+02
9.79+02
1.36+03
1.58+03
0.00
4.41+01
1.57+02

1.43+03
1.64+03

0.00

6.62+01
0.00
0.00
1.68+03
1.57+03

1.39+03

0,000
0.00
1.37+03

0.00

1.16+03
1.38+03

7.79+00
0.00

1.14+03
0.00
0.00
1.04+03

7.82+02

7.71+02
0.00
0.00
5.37+02

4.69+02
0.011

0.00

6.41+01
3.97+02
2.65+02

1.0+08 YR 1.0+09 YR

0.00 0.00
8.26+02 8.28+02

9.79+02 9.79+02

1.36+03 1.36+03

1.58+03 1.58+03

0.00 04.00
4.41+01 4.41+01
1.47-07 0.00

1.59+03 1.59+03

1.64+03 1.64+03

0.00 0.00
6.62+01 6.62+01

0.00 0.00
0.00 0.00

1.68+03 1.66+03

1.57+03 1.67+03

1.39+03 1.39+03

0.00 0.00
0.00 0.00
1.37+03 1.37+03

0.00 0.00
1.16+03 1.16+03
1.38+03 1.38+03

7.79+00 7.79+00

0.00 0.00
1.14+03 1.14+03
0.00 0.00
0.00 0.00

1.04+03 1.04+03

2,87+02 7.87+02

7.71+02 7.71+02

0.00 0.00

0.00 0.00

5.37+02 5.37+02

4.69+02 4.69+02

0000 0.00

0.00 0.00
6.41+01 8.41+01

3.97+02 3.97+02

2.65+02 2.65+02



GE FOLLOW-ON PROPERTIE5 AFTER SEPARATION

POWER m 48.52 Mw, HURNUP 41493.MwD, FLUX= 2.59+15N/Cm.+2-sEC

NUCLIDE CONCENTRATIONS. GRAMS
BASIS a MT HEAVY METAL CHARGED TO REACTOR

CHARGE SEPARATION 1.0+00 YR 1.0+01 YR 1.0+02 YR 1.0+03 YR 1.0+04 YR 1.0+05 YR 1.0+06 YR 1.0+07 YR 1.0+05 yk 1.0409 YR
SMI50 0.00 4.55+01 4.55+01 4.55+01 4.55..01 4.55+01 4.554.01 4.55+01 4.55+01 4.55..01 4.55+01 94,55+01
SMISI 0.00 2.25+02 2.23+02 2.05+02 1.01+02 7.51-02 5.73..33 0.00 0.00 0.00 0.00 0.00
EUISI 0.00 2.32+00 4.10+00 1.95+01 1.26+02 2.27+02 2.27+02 2.27+02 2.27+02 2.27+02 2.27+02 2.27+02
SMI52 0.00 2.18+02 2.18+02 2.18+02 2.18+02 2.18+02 2.18+02 2.18+02 2.15+02 2.15+02 2.15+02 2.184.02
EU152 0.00 1.34-01 1.27-01 7.53-02 4.17-04 1.12-26 0.00 0.00 0.00 0.0o 0.00 0.00
GDI52 0.00 8.05-02 8.29-02 9.72-02 1.18-01 1.18-01 1.18-01 1.18-01 1.18-01 1.18-01 1.18-01 1.15-01
EU153 0.00 1.14+02 1.14+02 1.14+02 1.14+02 i.14+02 1.14+02 1.14+02 1.I4+02 1.14+02 i.01.02 1.14.02

GD153 0.00 5.04-04 1.77-0g 1.44-08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SMI54 0.00 9.32+0L 9.32+01 9.32+01 9.32+01 4.32+01 9.32+01 9.32+01 9.32+01 9.32+01 9.32+01 9.32+01
EU154 0.00 1.38+01 1.32+01 8.95+00 1.81-01 2.14-18 0.00 0.00 0.00 0.00 0.00 0.00
G0154 0.00 6.71-01 1.26+00 5.52+00 1.43+01 1.45+01 1.45+01 1.45+01 1.45+01 1.45+01 1.45+01 1.45+01
EU155 0.00 4.36+01 2.97+01 4.47-01 1.03-15 0.00 0.00 0.00 0.00 0.00 0.00 0.00
GD155 0.00 2.53+01 3.92+01 6.80+01 6.894.01 6.894.01 6.89+01 6.89+01 6.89+01 6.59+01 6.59+01 6.89401

EU156
GDI56

0.00
0.00

2.40-02
5.33+01

1.13-09
5.33+01

0.00
5.33+01

0.00
5.33+01

0.00
5.33+01

0.00
5.33+01

0.00
5.33+01

0.00
5.33+01

0.00
5.33+01

0.00
5.33+01

0.00
5.334.01

ry.

G0157

GDI55
0.00
0.00

2.83+01

2.26+01

2.83+01

2.26+01
2.83+01
2.26+01

2.83+01
2.26+01

2.83+01
2.26+01

2.83+01

2.26+01
2.53+01
2.264.01

2.53+01
2.26+01

2.83*01
2.26+01

2.53+01
2.26+01

2.83*01
2.264.01

• ro

Ta159 0.00 1.05+01 1.05+01 1.05+01 1.05+01 1.05+01 1.05+01 1.05+01 1.05+01 1.05+01 1.05+01 1.05+01
GD160 0.00 5.98+00 5.48+00 5.98+00 5.98+00 8.98+00 5.95+00 5.98+00 5.98+00 5.95+00 5.95+00 5.98+00
TBI60 0.00 1.47-01 y.41-03 8.36-17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dy160 0.00 1.56+00 1.70+00 1.70+00 1.70+00 1.70+00 1.70+00 1.70+00 1.70+00 1.20+00 1.70+00 1.70+00
DY161 0.00 3.66+00 3.66+00 3.66+00 3.66+00 3.664.00 3.66+00 3.66+00 3.66+00 3.66+00 3.66+00 3.66+00
GD162 0.00 1.56-06 7.50-07 1.63-09 1.25-36 0.00 0.00 0.00 0.00 0.00 0.00 0.00
T9162m 0.00 2.22-11 1.11-11 2.18-14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DY162 0.00 2.93-01 2.93-01 2.93-01 2.93-01 2.93..01 2.93-01 2.93-01 2.93-01 2.93-01 2.93-01 2.93-01
Dy163 0.00 3.39-03 3.39-03 3.39-03 3.39-03 3.39..03 3.39..03 3.39-03 3.39-03 3.39-03 3.39-03 34,3903
Dyi64 0.00 1.61-04 1.61-u4 1.61-04 1.61-04 1.61-04 1.61..04 1.61-04 1.61-04 1.61-04 1.61-04 1.61..09
H0165 0.00 1.44-08 1.44-06 1.40-06 1.44-06 1.44..06 1.44-06 1.44-06 1.44..06 1.44-06 1.44.06 1.49.06

ER166 0.00 7.39-08 7.39-06 7439-08 7.39..08 7.39-08 7.39.08 7.39-05 7.39-08 7.39-08 7.39-08 7.39.08
ER167 0.00 6.21-10 6.21-10 6.21-10 6.21-10 6.21..10 6.21..10 6.21-10 6.21-10 6.21-10 6.21-10 6.21-10
SUBTOT 0.00 4.26+04 4.26+04 4•26+04 4.26+04 4.26+04 4.26+04 4.26+04 4.26+04 4.26+04 4.26.404 4.26+04
TOTAL 0.00 4.26+04 4.26+04 4.26+04 4.26+04 4.26+04 4.26+04 4.26+04 4.26+04 4.26+04 4.26+04 4.264'114



GE FULL00-08

POI6EA = 98.52 m61, BuRNUP •

H 3
SE 79

KR 85

RB B6

RB 87
5R 89

SR 90
y 90

y 91

ZR 93
NB 93M
ZR 95
NB 95M

NB 95

TC 99
RU103

RH103M
RU106

kH106
P0107

AG109m

CD1U9

AG110M
AG110

C0113m
18119m

18119

CUII5m

58117M
58119m

58121m

SN123m

TEI23M
58124

5N125
58125
TE125m

58126

58126m
58126

CHARGE

0.00
u.00

0.00

0.00

0.00
0.00

0.00
0.00

0.00

0.00
0,00

0.00
0.00

0.00

0.00

u.uu

0.00

0.00

0.00

0.00

u.u0

0.00

0.00

0.00

U.UO
0.00

0.00

0.00
0,110

0.00

0.00

0.00

0.00

0.0U

0.00
0.00

0.00

0.00

0.00

0,00

PROPERTIES AFTER SEpARATION

91493.MWD, FLUX= 2.59+158/Cm.e2-SEC

SEPARATION 1.0+00 YR

1.16+03 1.10+03
6.49-01 6.99-01

8.81+03
2.95-04

1,47705

9.39+03

2.23+U2
1.67-05

2.53+05

5.32+09

5.32+09

9.18+05

1.76+00
1.22_01

8.43+05

1.79+09

1.39+06

1.82+01

5.u9+05

5.10+05
1.19+06
1.19+06

2.88_01

5.86-05

5.66-05
1.19+03

1.55+02

1.63+02
1.38+00
1.33+00

5.78+02

3.91-01
2.12+u2

1.35-02

1.11+09

5.49+00
6.85+02

7.79+01
2.62+04

1.02+04
1.53+00

1.53+00

4.41+01

1.95+03

5.19+04
5.19+04

5.69+03
1.76+00

2.03-01
1.72+04

3.69+02

3.78+04

1.82+01

8.59+J2

8.59+02
5.97+05

5.97+05

2.88-01
3.35-05

3.35-05

9.38+02

5.70+01

1.55+02
8.73-03

8.42-03

1.61+00
5,99-09

7.69+01
1.33-02

1.46+03

6.25-01

1.01+01
1.57-10

2.02+04
8.38+03

1.53+00

1.53+00

1.52+00

1

NUCLIDE RADIOACTIVITY, CURIES

BASIS MT.HEAVy METAL CHARGED TO REACTOR

.0+01 YR

6.61+02

6.49-01

4.94+03

0.00
1.67-05

1.89-16

4.15+09
q.15+04

8.93-14

1.76+00
7.79-01

1.03-11

2.19-13

2.19-11

1.82+01
8.87-23

8.88-23

1.20+03

1.20+03

2.88-01

2.19-07

2.19-07

5.39-02

7.00-03

9.94+01

1.43-22

1.38-22
1.58-23

0.00
8.98-03

1.23-02

1.78-05
2.19-09

3.27-16

0.00
2.01+03
8.32+02

1.53+00

1.53+00
1.52+00

1.0+02 YR

4.15+00

6.49-01

1.53+01

0.0U
1.67-05

0.00
9.51+03

4.51+03

0.00
1.76+00
1.75+00

U.00

0.00

0.00

1.82+01

0.00
0.00
1.33-29
1.33-29

2.88-01

0.00

U.00
0.00
U.00

1.16+00

0.00

0.00

0.00

0.00
0.00

5.91-03

0.00
0.00

0.00

0.00

1.87-07
7.73-08
1.53+00

1.53+00
1.52+00

1.0+1,3 YR

3005-22

6.93-01

1.28-29

0.00

1.67-u5

0.00

1.04-06

1.09-06

0.00
I.75+uu

1.75+00

0.00
0.00

0.00

1.82+01
0.00

0.00

0.0U

0.00

2.86-01
0.00

0.00

0.00

0.30

5.19-2u

0.00
0.00

0.00

0.00

0.00

1.98-06
0.00

0.00

0.u0

0.0U

0.00
0.00

1.52+00

1.52+00

1.51+00

1.0+04 YR

0.00

5.84-01

0.00

0.00
1.67.05

0.00

0.00

0.00

0.00

1.75+00
1.75+00

0.00
0.00

0.00
1.76+01

0.00

0.00
u.00

0,00
2.87_01

0.00

u.OU
0.00

u.00

0.0u
0.00

U.00
0.00

0.00

0.00
0.00

U.00

0.00

0.00

0.00
0.00

0.00
1.43+00

1.43+00
1.42+00

1.0+05 YR 1

0.00

2.29-01

0.00

0.0U
1.67-05

0.00

0.00
0.00

0.00

1.68+00
1.68+00

0.00
0.00

0.0U
1.31+01

0.uu

0.00
0.00

0.00
2.85-01

O.U0

0.00

0.00

0.0U

0.00

0.u0

0.00

0.00
0.00

0.00
0.00

0.0u

0.00

0.00

0.00

0.00
0.00

7.68-01

7.68-01

7.6U-01

.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09

0.00 0.00 0.00 0.00

1.52-05 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00
1.67-05 1.67-05 1.67-05 1.69 05

U.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

1.11+00 1.73-02 1.51-20 0.00
1.11+00 1.73-02 1.51-20 0.00

U.00 0.00 0.00 0.00

0.00 0.00 U.00 0.00

0.00 0.00 0.00 0.00

6.93-01 1.16-13 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

2.61-01 1.07-01 1.99-05 0.00

0.00 0,000 0.00 0.00

D.OU 0.00 0.00 0.00

0.00 0.00 0.00 0.00

U.00 0.00 0.00 0.00

U.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00
D.00 0.00 0.00 0.00
U.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

U.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0,000 0.00 0.00 0.00
0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

1.50-03 0.00 0.0U 0.00

1.50-03 0.00 U.00 0.00

1.99-03 0.00 0.00 0.00

YR



FOLLOWT_ON___. . PROPERTiE5 AFTER SEPARATION

POWER is 48.52 MIT, BURNUP a 41493•MRD, FLUX= 2.59+15N/CM...02-SEC

TE127M
TE127
TE129m

'1E129

1129
1131

XE13Im
C5134
C5I35

C5136

C5137
BAI37m

BA140
LAI40

CE141
PR143

CE144
PR144

NO147
PMI47

1514148m

PM148

511151
EU152

G0153
E0154

EU155
EU156

T8160
GD162

TB162m
SUBTOT

TOTAL

CHARGE

0,00
0.00

0.00
0.00

OtUO
0.00

0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

S PARATION 1.0+00 YR

1.97,04 1.94,03
1.95+04 1.91+03

2.52+04 1.47+01
1.61+04 9.43+00

4/.28_."02 4.30..02
2.28,03 5.04-11
4.75+02 2.49-07

4.14+04 2.95,04

1.40+00 1.40.00
1.34,03 4.69.06

1.41+05 1.313+05

1.32,05 1.29+05

1.63,04 4.20-05
1.R7,04 4.83-05
2.65+05 1.07+02
2.21+04 2.10-04

1,04+06 4.27+05

1.04+06 4.27+05

3.31+03 4.14...07
3.51+05 2.70+05

1.65+04 3.99+01

1.33,03 3.20+00
6.12+03 6.07+03
2.63+01 2.48+01

1.78+00 6.24-01
2.00+03 1.92+03

5•55+U4 3.79+04
1.34+03 6.28-05
1.67+03 4.99+01
3.44.03 1.72-03

3.44-03 1.72.03
9.73+06 2.87+06

9.73+06 2.87+06

NUCLIDE RADIOACTIVITY, CURIES
BASIS a MT HEAVY METAL CHARGED TO REACTOR

1.0+01 YR

1.62.06
1.61.06

0.00

0.00
4.30-02

0.00
0.00
1.41+03

1.40+00

0.00

1.12+05
1.05'05

0.00
0000
0.00
0.00
1.40+02

1.40+02

0.00
2.50+04
1.11-22
8.92-24

5.65+03
1.48+01

5.10-0S
1.30+03

1.21+03
0.00

94,47••13
3.37.06

3.37.-06

3.46+05

3.46+05

1.0+02 YR 1.0+03 YR 1.0+04 YR 1.0+05 YR

0000 O.UU 0.00 0.0U
0.00 0.00 U.00 0.00

0.00 0.00 0.00 o.00

0.00 0.00 0.00 0.00
4.30-02 4.30.02 4.30-02 4.28-02

0.00 0.00 0.00 0.U0
0.00 0.0U 0.00 O.UU
8.62-11 0.00 0.00 0.00
1.40+00 1.40+00 1.40+00 1.37+00

0.00 0.00 0.00 0.00
1.40+04 1.31-05 0.00 0.00
1.31+04 1.23-05 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

U.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

0.0U o.00 o.00 o.00

0.00 0.00 0.00 . 0.00
1.14.06 0.00 0.00 0.00

0.00 0.00 U.00 0.00
0.00 0.00 0.00 0.00
2.76+03 2.13+00 0.00 0.00
8.17-02 2.19-24 0.00 0.00

0.00 0.00 0.00 0.0U
2.63+01 3.10.16 0.00 0.00

1.31-12 0.00 0.00 0.00
0.00 0.00 0.00 0.00

0.00. 0.00 0.00 0.00
0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00
3.90+04 3.07+01 2.77+01 2.07+01

3.90+04 3.07+01 2.77+01 2.07+01

1.0+06 YR 1.0+07 YR 1.0+06 YR
0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 0.00

4.13-02 2.86.02 7.29.04

0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 0.00
1.11+00 1.39-01 1.30-10

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.cm 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00
4.32+00 3.09-01 7.60.04

4.32+00 3.09.01 7.60.04

1.0+09 YR

0.00
0.00

0.00
0.00

8.50.20
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
o.00
0.00
o.00
o.00
o.00
o.00
0.00
0.00
0.00
0.00
o.00
0.00
o.00
1.6M-05
1.6q-05



bE FPLLOW"'ON PROPERTIES AFTER SEPARATION

POWER = 48.52 MWe BURNUP = 41493.MWD 1 FLUX= 2.59+15N/CM+.2-SEC

NUCLIDE THERMAL POINER. kATTS

BASIS = MT HEAVY METAL CHARGED TO REACTOR

H 3
SE 79

KR 85
RB 86

Rb 87

CHARGE
0.00
0.00

0.00
0.00
0.00

SEPARATION

4.13-02
2.46-04

1.52+01
1.05+00
1.o9-08

1.0+00 YR
3.91-02
2.46-04

1.43+01

1.39.-06
1.09-08

1.0+01 YR
2.35-02
2.46-04

6.03+00
0.00
1.09-06

1.0+02 YR
1.4u-04
2.46-0y

2.49-02

0.00
1.09-06

1.0+03 YR
1.40-26

2.44-U4

2.07-27
0.00
1.09..ua

1.0+04 YR
0.00
2.21-U4

0.00
0.00
1.0-J8

1.0+05 Yr<

0.L0
8.46.0S

0•06
0•OU
1.0-06

1.0+06 YR
0.00
5.77-09

0.00
U.00
1.0-08

1.0+07 YR

0.1.10
0.00

0.00
0.00
1.09-u8

1.0+08 YR

0.00
0.00

0000
0.00
1.09-08

1.0+09 YR

0.00
0.00

0.00
0.00
1.07-08

SR 69 0.00 9.11+02 7.00+00 6.60-19 0.0U 0.00 L.011 0.00 0.00 0.00 0.00 0.00
SR 90
Y 90

Y 9 1

0.00
0.00

0.00

6.96+01
3.13+02
1.59+03

6.79+01
3.05+02

2.15+01

5.44+01
2.45+02

3.21-16

5.91+00
2.66+01

0.00

1.36-09
6.10-09

0.01

0.00
d.00

6.00

o.uu
0.00
0.00

u.ou
0.00
0.00

0.00
0.00
0.00

o.cm
0.00
0.00

0.00
0.00
0.00

ZR 93 0.00 2.08.04 2.08-04 2.06-04 2.06-04 2.06-04 2.07-04 1.99-04 1.31-04 2.05-06 1.79-24 0.00

NB 93M 0.00 2,16-05 3,61-06 1.36-04 3.10-04 3.12-04 3.11-j4 2.98-04 1.97-04 3.08-06 2.69-24 0.00

ZR 95 0.00 4.41+03 6.98+01 5.40-14 0.00 0.00 u.00 0.00 0.00 0.00 0.00 0.00

NB 95M
NB 95

0000
0.00

2.49+01
6.71+03

5.07-01
1.82+02

3.u5-16

1.06-13
- 0.00
ci.ou

0.00
0.10

0.00
u.lo

6.0u
o.uu

6.00
6.ou

0.00
o.uo

0.00

u.00
0.00
0.00

TC 99 U.U0 I.23-u2 1.23-u2 1.23-02 1.23.412 1.23-u2 1.19-02 8.88-u3 4.69-04 7.84-17 0.00 0.00

RUI03 0.00 1.66+03 2.81+31 2.92-25 u.ou 0.[J0 0.00 0.00 0.00 0.00 0.00 0.00

RH103h JodU 2,42+02 4.65-01 4.21-26 0.00 0.00 U.GO J.UJ U.OU 0.00 0.00 0.00

RU106 0.00 7.06+01 3.54+01 7.13-02 O.Go 0.00 L.00 U.1310 L.U0 0.1A) 0.00 0.00

RH106 0.00 I.2S+04 6.26+03 1.27+01 1.40-26 0.0U 0.00 0.00 0.00 0.00 0.00 0.00

P0107 0000 2.39.05 2.39-05 2.39-05 2.39-05 2.39-65 2.36-05 2.36-05 2.16-05 8.67-06 1.20-U9 0.00

AGIO9M 0.00 6.I1-Ub 3.50-08 2.29-10 o.ou 0.00 0.00 Li.uu 1.00 0.00 0.00 0.00
CDIO9 0.00 5.63-08 3.34-06 2.18-10 u.ou o.co u.OU 0.00 o.ou o.uo 0.00 0.00

AGIION 3,00 2.01+01 7.40+30 9.10-04 u.00 0.10 0.00 O.UU U.00 0.00 0.00 0.00

AG110 0.30 1.12+00 4.13-01 5.08-05 o.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

C0113M U.UO 2.16-01 2.05-01 1.31..01 1.53-03 6.86_23 0.00 0.60 0.00 0.00 0.00 0.00

IN114M 0.00 1.49-03 9.41-06 1.54-25 u.u0 0.00 0.00 0.0O U.00 0.00 0.00 0.00

IN114 . 0.00 6.27-03 3.97-05 6.49.25 u.ou 0.00 0.00 0.00 0.00 0.00 0.00 0.00

C0115M 0.00 2.12+00 5.86.03 5.77-.26 0.00 0.00 0.00 0.00 6.00 0.00 0.00 0.00

SNII7M 0,0(.0 1.47-03 2.07.-11 0.00 u.ou 0.00 0.00 0.00 0.00 0.00 0.00 0.00

SNII9M 0.00 2.23-01 6.11-02 6.95-06 0.00 0.60 0.00 0.00 0.00 0.00 0.00 0.00

SN12IM 0.00 1.71-05 1.69_cy; 1.56-05 6.86-06 1.87-09 0.00 0.01 U.00 0.00 0.00 0.00

SN123M 0.00 3.91+01 5.16+00 6.28.-08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TEI2311 0.00 1.60-02 1.84.03 6.44-12 0.00 0.00 U.00 0•01 0.00 0.00 0.00 0.00

58124 0.00 9.41+00 1.39-01 4.50-16 0.00 0.00 0.00 0.00 0.0U 0.00 0.00 0.00

514125 0.00 4.95-01 1.00-12 0.00 0.00 0.00 0.00 0.00 0.0U 0.00 0.00 0.00

58125 0.00 1.06+02 6.21+01 6.14+00 7.56-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TEI25M 0•00 1./6+01 1.44+01 1.43+00 1.33_10 0.00 0.00 0.00 0.00 0.00 0.00 00000

SN126 0000 1.66-03 1.66-03 1.66-03 1.65-03 1.64-U3 1.54-03 8.26-04 1.62-06 0.00 0.00 0.00

SB126M 0.00 1.04-J2 1.04.-02 1.04-02 1.04-02 1.03.-02 9.69-03 5.19-U3 1.02-05 0.00 0.00 0.00

SBI26 de00 5.74-UI 1.98-02 1.98..02 1.98-02 1.96..12 1.84-02 9.89-03 1.93-05 0.00 0.00 0.00



GE FOLLOW.ON_ • PROPOIJE5 ./iFTER_WARATION,

POWER = 48.52 mw, BURNUP = 414930m, FLux= 2.59+15N/cm..2-sEc

NUCLIDE TMERMAL POWER. WATTS
BASIS ■ MT HEAVY METAL CHARGED TO REACTOR

CHARGE SEPARATION 1 .0+00 YR 1.0+01 YR 1 .0.02 YR 1.04'05 YR
'El27M 0.00 1.09+01 1.07+00 8.95.10 o.ou 0.00
rE127 0.00 3.15+01 3.09+00 2.59.09 0.00 0.00
rE129M 0.00 5.00+01 2.92.02 0.00 0.00 0.00
EI29 0.00 5.86+01 3.43.02 0000 0.00

02;404-051129 0.00 2.82-05 2083.05 2*.83.05 2.83-05
E13IM 0.00 9.24.01 4.83-10 0.00 o.clo (i.00 
5134 0.00 4.38+02 3.12+02 1.49+01 9.13-13 0.oci
5135 0.00 6.80.04 6.80.04 6.80.04 6.80-04 6.80-04
S136 0.00 1.84+01 6.44.08 0000 0000 0.00
5137 0.00 2.31+02 2.26+02 1.83+02 2.29+01 2.14-08
A137m 0.00 5.18+02 5.074'02 4.12+02 5.15+01 4.01.08
A140 0.00 5.43+01 1.40.07 0.00 0.00 0.00
A 1 40 0.00 3.30+02 8.52.07 0000 0000 0.00
E14I 0.00 5.21+02 2.11.01 0.00 0.00 0.00
R143
E144

0.00
0.00

4.80+01
8.52+02

4.55.07

3.49+02
0.00
1.15.01

U.00

0.00 0(3.1:00)()
R144 0000 8.06+03 3.31+03 1.09+00 00#UU 0.00

0147 0.00 1.08+01 1.35-09 0.00 0.0U 0.00
M147 0.00 1.81+02 1.39+02 1.29+01 5.90.10 0.00

'M14811 0.00 2.05+02 4.94.01 1.38.24 0.00
'H148 0.00 1.00+01 2.60-02 7.23.26 0.00
iM151 0.00 1.07+01 1.06+01 9.85+00 4.81+00
:u1s2 0.00 4.71-01 4.45-01 2.65.01 1.46.03 3.92-26
iDI53 U.00 2.56-03 8.99-0y 7.34.08 0.00 0.00
EU154 0.00 1.64+01 1.57+01 1.07+01 2.16-01 2.54.18
::0155
.U156
re160
;0162
-8162M

0.00
U.00
0.00

D.00
0.00

4.68+01
1.33+01
1.42+01
1.17-05
4.64.05

3.19+01
6.25-07

4.24.01
5.86-06
2.32.05

1.02+00

0.00
8.04-15

1.15.08
4.54.08

1.10.15

0.00
0.00
0.00
0.00

0.000.000..00.000 ..0
iUBTOT 0.000 4.05+04 1.20+04 9.75+02 1.12+02 4.91-02

TOTAL 0.00 4.05+04 1.20+04 9.75+02 1.12+02 4.91-02

1.0+04 YR
0.00
0.00
0.00

12.. 03.05

0.00
u.00
6.79-04
0.00
0.00
0.00

0.110

0.00

o.00

0.00

0.00
0.00

g:clo0.0...0.0.0.0..0
3)E1.(311.02

4.31.02

1.0,05 YR 1.0+06 YR 1.04'07 YR 1.0+014 rR 1.04'09 YR

O.UU U000 0.00 0.00 0000
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.110 0.00 0.00 0.00 0.00
2.82-05 2.71-05 1.88-05 4.80 07 5.59.23

0.00 0.0C 0.00 o.60 bats
0.00 D.00 0.00 0.00 0.00
6.65.04 5.40-04 6.75-05 6.32.14 0.00
0.00 0.00 0.00 0.00 0.00
0.00 u.ao 0.00 0.00 0.00
0.0U o.00 0.00 0000 0.00
0.00 0.00 0.00 0.00 0.60
0.00 opou 0.00 0.00 ci.op
0.0U o.00 0.00 0.00 0.00
0.00 6.00 0.00 0.00 0.00

0.0U 1).00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0000 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0000 0.00 0.00 0.00
0.0U 0.00 0.00 0.00 0.00

0•00 0.00 0000 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
O.UU 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0000 0.00 0.00
0.00 0000 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
2.61..02 1.42..03 1.00s.04 4.92.07 1.07.08
2.61-02 1.42..03 4.92.07 1.07.08



GE FOLLOWON PRUPERTIE5 AFTER SPARATION

POWER = 48.52 MW. BURNUP = 41493.MWD, FLUX=

N 3
SE 79

KR 85
RB 86

RB 87
SR 89

SR 90
Y 90
Y 91

ZR 93
NB 93M
LR 95

NB 95M
NB 95
TC 99

RU103
RH103M

RU106
RH106

PD107
A.G109M

C0109

AG110M
AGI10
CDI13m

INII4M

IN114
CD115M

SN117M
SN119M

SNIZIM
SN123M

TE123M
58124

SNI25
SBI25
TE125m

5N126
58126m

58126

CHARGE

0.00
0.00

0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00'

0.00
0.00

04,00
0.00

0.00
0.00

0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
U.00

0.00

0.00
0.00
0,00

0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

SEPARATIUN
5.81+09
1.62+08

3.13+10

1.11+11

8+34+03
8.44+14

1.77+15
1.77+13

4.18+14

4.39+08

3,04+07
8.43+14

-1.79+04
4.65+14

9.11+09
1.70+14

2.55+11
5.95+15

-1.19+06
1.44+06

-5.86-05

2.93+04

3997+ 1 2
-1.55+02
-1.63+02

1.97+09
-1.33+00

5.78+11

.3.91-01
-2.12+02
-1.35-02

-1.11+04
-5.h4+00

9.79+11

2.60+10
2.91+13
2.56+12
7.67+08

-1.53+00
-4.41+01

1.0+00 YR

5.49+09
1.62+08
2.94+10
1.411+05

8,34+U3
6.49+12

1.73+15
1.73+13

5.64+12
4.39+08

5,07+07
1.72+13

-3.64+02
1.26+13

9.11+09
2.85+11

4.27+08

2.99+15
-5.97+05

1.44+u6

-3.35-05
1.68+04

1.46+12

-5.70+01

-1.55+02

1.25+07
-8.42.03
1.61+09

-5,49-Q9

-7.69+01

-1,33.-02
-1.46+03

-6.25.01
1.44+10

5.25-02
2.25+13

2.09+12
7.67+08

-1.53+00

-1.52+00

2.59+15N/CM.02.SEC

NUCLIDE INHALATION HAZARO, M.103 OF AIR AT RCG

BASIS = NT HEAVY METAL CHARGED TO REACTOR

1.0+01 YR 1.0+02 YR 1.0+03 YR 1.0+04 YR

3• 3 I +09 2 •08+07 1 • 97.- 15 0.00

1.62+04 1.62+08 1.61+08 1.46+08

1.65+10 5.11+07 4.25.18 0.00

0.00 0.00 0.00 0.00

8.34+03 4.34+03 8.34+03 8.34+03

6.12-07 0.00 0.00 0.00

1.38+15 1.50+14 3.45+04 0.00

1.38+13 1.50+12 3.45+02 0.00

8.43-05 0.00 0.00 0.00

4.39+08 4.39+08 4.39+08 4.37+08

1.93+08 4.36+08 4.39+08 4.37+08

1.03-02 0.00 0.00 U.00

-2.19-13 0.00 0.00 0.00
7.31-03 0.00 0.00 0.00

9.11+09 9.11+09 9.08+09 8.42+09

2.96-14 0.00 0.00 0.00

4.44-17 0.00 0.00 0.00

6.02+12 6.64-15 0.00 0.00

-1.20+03 -1.33-24 0.00 0.00

1.44+06 1.44+06 1.44+06 1.44+06

-2.19-07 0.00 0.00 0.00

1.10+02 0.00 0.00 U.00

1.80+08 (1.00 0.00 0.00

-7.00-03 0.00 0.00 0.00

-9.94+01 .1.16+00 5.19-20 0.00

2.04-.13 0.00 0.00 0.00

-1.38-22 0.00 0.00 0.00

1.58-14 U.00 0.00 0.00

0.05 0.00 0.00 0.00

-8.48-03 0.00 0.00 0.00

-1.23-02 -5.41-03 .1.48.06 0.00

-1.74-05 0.00 0.00 0.00

-2.19-09 0.00 0.00 0.00

4.67-07 0.00 0.00 0.00

0.05 0.00 0.00 0.00

2.23+12 2.07+02 0.00 0.00

2.08+11 1.93+01 0.00 0.00

7.67+08 7.67+08 7.62+08 7.16+08

-1.53+00 -1.53+00 1.52+00 -1.43+00

-1.52+00 -1.52+00 1.51:6.00 -1.42+00

1.0+05 YR 1.0+06 YR 1.0+07 YR 1.0+08 YR

0.00 0.00 0.00 0.00

5.69+07 3.80+03 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

8.34+03 8.34+03 8.34+03 8.33+03

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0600 0.00 0.00

0.00 0.00 ' 0:00 0.00

4.19+08 2.76+08 4.32+06 3.78_12

4.19+08 2.76+08 4.32+06 3.78-12

0.00 0.00 0.00 0.00

0.00 0.0U 0.00 0.00

0.00 0.00 0.00 0.00

6.57+09 3.47+08 5.80-05 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

1.42+06 1.30+06 5.34+05 7.22+01

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 U.00

0.00 0.00 0.00 0.00

0.0U 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

3.84+08 7.50+05 0.00 0.00

-7.68-01 -1.50-03 0.00 0.00

-7.60-01 -1.49-03 0.00 0.00

1.0+09 YR

0.00

0.00
0.00
0.00

8.22+03

0.00

0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00
0.00

0.00
0.00

0.00

0.00

0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00



BASIS m MT HEAVY METAL

CHARGE SEPARATION 100+00 YR 1.0+01 YR 1.0+02 YR 1.0+03 YR
TE127M U.00 1.97+13 1.94+12 1.62+03 0.00 04,00
TE127 0.00 6.51+11 6.38+10 5.35+01 0.00 0.00
TE129m 0.00 2.52+13 1.47+10 0.00 0.00 o.00
TE129 0.00 1.61+11 9.43+07 0.00 0.00 o.00
1129 0.00 2014+09 2.15+09 2.15+09 2.15+09 2.154-09

1131 0.00 2.28+13 5.04-01 0.00 0.00 0.00
XE131M 0.00 1.19+09 6.21-01 0.00 0.00 0.00
C5I39 0.00 1.03+14 7.37+13 3.52+12 2.15-01 0.00
CS135 0.00 9.67+08 4.67+06 44.67+08 4.67+08 4.67+06
CS136 0.00 2.23+11 7.82+02 o.on 0.00 0.00
CS1 37 0.00 2.82+14 2.76+14 2.24+14 2.80+13 2.62+04
BA137f4 0.00 -1.32+05 -1.29.+OS -1.05+05 -1.31+04 -1.23.05

BA140 04,00 1.63+13 4.20+04 0000 0.00 0.00
LA190 0.00 4.68+12 1.21+04 04000 0.00 0.00

CE14I 0.00 5.30+13 2.14+10 0.00 0.00 0.0C
PR143 o.00 3.69+12 3.49+04 0.00 0.00 0.00
CE194 0.00 5.21+15 2.13+15 7.D1+11 0.00 0.00
FR149 0.00 -1.09+06 -4.27+05 -1.40+02 0.0U 0.00
NVI47 0.00 9.14+11 5.18+01 0.00 0.00 0.00
PM147 0.00 1.76+1y 1.35+14 1.25+13 5.72+02 0.00
PM148m o.uo -.1.65+04 -3.99+01 -1.11-22 o.ou 0.00
Fm148 o.00 -1.33+03 -3.20+00 -8.92-24 o.oci 04,CC
SM151 o.o0 3.06+12 3.09+12 2.83+12 1.313+12 1.06+09

EU152 0.00 6.58+1u 6.21+10 3.69+10 2.09+08 5.47.15

GD153 0.00 5.92+08 2'08+08 1.70+09 0.00 0,400
EU154 0.00 2.00+13 1.92+13 1.30+13 2.63+11 3.10-06
EU155 0.00 1.85+13 1.26+13 4.02+11 4.36-04 0.00
EU156 0.00 -1.34+03 -6.28-05 0000 0.00 0.00
TBI60 0.00 1.67+12 4.99+10 9.47-04 0.00 0.00
TB161 0.00 4-7.21-01 0.00 C.00 0.00
GD162 0.00 -3.44-03 "*1.72.D3 -3.37-06 0.00 0.00
TBI62m 0.00 -3.94-03 .41.72.03 -3.37-06 0.00 0.00

SUBTOT 0.00 1.65+16 7.46+15 1.66+15 1.82+14 1.46+10

TOTAL o.00 1.65+16 7.46+15 1.66+15 1.82+14 1.46+10

_.GE TDLLDW-ON PR9PERTIES AFTER. SEPARATION,

POWER - 48.52 MW. BURNUP s 41493.MWD. FLUX- 2.59+15N/CMS*2-SEC

NUCLIDE INHALATION HAZARD, Mee 3 OF AIR AT RCG

CHARGED TO REACTOR

1.0+04 YR 1.0005 YR 1.0+06 YR 1.0+0 YR 1.0+08 YR 1.0+09 V'
0.00 0.00 0.00 0.00 0.00

0.00 10).(0)10 0.000.00

0.00 
0.00 0.00

0.00 0.000.00

0.0U 
0.00

(2".(g+09 2.19+09 I:=4+09 +09 
 0.00 

C3).2(5)+07 '79.(2:-09

0.00
0.00 

0.00
0.00 0.00.c

:::: o.o0 
2:2(13+07 P3-02 10)..colg

0.00

4.66+08 9.56+08 

0.00

0:7:08

0.00 
10194,19)(0

0.00

0.00 0.00
0.000.00

0.0C
0.00 

0.00

0.00 

(0).10)g
0.00

= 

10..gg

(c)..N

0.00 0.00 

D.00

0•UO
0.00 0.00

o000.00 
0.00

(l= 
0.00

0.000.00

0.00
0.0U

0.00 
(719.gg
0.00 0.00U.00

0.00 
0.00

U0.00:
1.9).0)(0) 

0.00 0.00 

0.00 

0.00

0.00 
0.00

0.00

0.00 
(01(01 0.00

0.00 (0)..N 

0.00

.. 101C00.00

0.00 0.000.00
0.00 

0.00
0.00 

0.00

0.00 U.00 (0".N

0.00 0.00 

0.00
o.00

n.00 0.00

o.ou 

0.00

0.00
o.00 g9:

...r(0) o.ou 

O.Ocol

0.00 0.00
0.00 0.0o 

0.00
0.00

0.00 
0.00

0.00 cr!)..00
0.00

0.00 

o.ou

0.00 

0.00

o  

0.00

0.00 ili e: 0.00
0.00 0.00 0.00 

0.00
0.00 

0.00

1:10

0.0U

::::
0.00

0.00

1.32+10 1.044.1e 3.33+09 1.484.o9 (3".111.07 8.22+03

1.32+10 1.04+10 3.33+09 1.48+09 3.65+07 8.22+03



GE FOLLU1'4-ON PROPERTIES AFTER SEPARATION

PONER , 48.52 mw, euRNup = 41493.m4D, FLUX= 2.59+15N/CM...2-5FC

NUCLIDE IN6ESTION HAZARUs Milk'03 OF hATEN AT RCG
bASIS = MT HEAVY METAL CHARGEU TO REACTOR

H 3

SE 79
KR 85

RB 66

R8 87

SR 89

SR 90

Y 90

Y 91

ZR 93

NB 93H

ZR 95

NU 95M

NB 95

TC 99
RU103

RH103M
RU106

RH106

P0107

AG109M

C0109

AGIIOM

AGI10
AG111
CDI13m

11.114m

INI14

CDII5m

SN117M

SNII9M
SN121m

SN123m

TE123m

512124

SN125
58125

TE125m

SN126

58126m

CHARGE

0.00

0.00

0.00

a.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00

000U
0.00

0.00

0.00

0660

n.00

u.uu

3.00

0.00

U•00
0.00

U.00
U.UO

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.0D

0.00
0.00

0.00
0.00

0.00

0.00

SEPARATION
3.87+05
1.62+02

-9.39+03

1.11+07
1.67-01

8.44+10

1.77+11

2.66+09

1.39+10
2.19+03

3.04+02

1.40+10

-1.79+04

1.39+1u

9.11+04

6.37+09

5.10+07
1.19+11

-1.19+06
2.88+02

-5.66-05

2.93-01
3.97+07

-1.55+02

6.98+05

-1.63+02

6.69+04

-1.33+00
1.93+07

-3.91-01

-2.12+02
-1.35_02

-1.11+04

-5.44+110

3.42+07

3.69+06
2.62+08

1.02+08
3.64+03

-1.53+Uu

1.0+00 YR
3.66+05

1.62+02
-8.81+03
1.46+01
1.67-01

6.49+08

1.73+11
2.59+09
1.86+08

2.19+03
5.07+02

2.86+08
-3.64+02

3.78+08

9.11+04

1.07+07
8.54+04

5.97+10

-5.97+05
2.88+02

-3.35-05

1.66-01

1.46+07

-5.70+01
1.98-09

-1.55+02

4.36+02

-8.4Z-03

5.36+04
-5.49-09

-7.69+01
-1.33-02

-1.46+03

-6.25-01

5.04+05
7.87-06

2.02+06

8.38+07
3.84+03

-1.53+00

1.0+01 Yk

2.20+05

1.62+02
-4.94+03

0.00
1.67-01

6.12-11

1.38+11

2.08+09

2.81-09

2.19+03
1.93+03

1.72-07

-2.19-13

2.19-07
9.11+04

1.11-18
8.88-21

1.20+08

-1.20+03

2.88+02

-2.19-07

1.10-03

1.80+03

-7.00-03

0.00
-9.94+01

7.13-18

-1.38.22

5.26-19

0.00
-8.46-03

-1.23-02

-1.78-05
-2.19-09

1.64-11

0.00
2.00.07
8.32+06

3.84+03

-1.53+00

1.0+02 YR
1.38+03

1.62+02
-1.53+01

0.00
1.67-01

0.00
1.50+10

2.26+08

0.00

2.19+03
4.36+03

0.00

U.00

0.00

9.11+04

0.00

U.Ou
1.33-19

-1.33-2y

2.88+02

0.00

0.0U

U.00

U.Uu

0.00
-1.16+00

U.00
0.00

0.00
0.0U
-5.41-03

0.00

0.110

U.OU
0.00
1.87-03

7.73-04
3.83+03

-1.53+00

1.0+03 Yk
1.32-19

1.61+02
-1.28-24

0.0U
1.67-01

O.U0

3.45+00

5.18-02

O.UU
2.19+03
4.39+03

0.00

0.00
0.0o

9.06+04

0.0U
0.00

o.un

0.0L
2.88+02

0.60

O.Un

0.00
0.0U

0.00

-5.19-20
0.00

0.00

0.00
0.00

0.00
-1.48-06

0.60

U.00
0.00
0.00

0.0U

0.00
3.111+03

_1.52+00

1.0+04 YR 1.0+05 YR
0.00 0.00

1.46+02 5.59+01

0.00 0.00
0.00 0000
1.67;.01 1.67-01

0.00 0.00

0.00 0.00

0.00 0000

0.00 0.00

2,18+03 2.10+03
4.37+03 4.19+03

0.00 0.00

0.0o 0.00

0.00 0.00
8.82+04 6.57+04

0.0o 0.60
0.00 0.00

0.00 O.U0
0.00 0.00

2.87+02 2.85+02

0.00 0.00

U.00 0.00

0.00 0.00
0.00 O.U0

0.00 0.00
0.00 0.0U
0.00 0000
0.00 0.00
0.00 0000
0.00 0.00
0.00 0.00
O.D0 0.00
0.00 0.00

1.3.00 U0U0

0600 0000

0000 0.00
0.00 0000
0.00 0.00

3.58+03 1.92+03

-1.43+00 7.68-01

1.0+06 YR 1.0+07 YR 1.0+08 YR 1.0+09

U.00 0.00 0.00 0.00

3.80-03 0.00 0.00 0.00

0.00 0.1)0 0.00 0.00

0.00 0.00 0.00 0.00
1.67-01 1.67-01 1.67-01 1.64-01

0.00 0.00 U.00 0.00

U.00 0.00 U.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 U.00

1.38+03 2.16+01 1.89_17 0.00
2.76+03 4.32+01 3.78-17 0.00

0.00 O.U0 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

3.47+03 5.80-10 0.00 0.00

0.00 0.00 U.00 0.00

0.00 0.110 0.00 0.00

U.00 0.00 U.00 0.00

U.00 0.00 0.00 0.00

2.61+02 1.U7+02 1.44-02 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

U.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.0U 0.00 0.00 0.00

0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00
U.00 0.00 U.OU 0.00
U.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00
0.00 0.00 u.ou 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 (3.(,0

3.75+00 0.00 0.00 0.00

-1.50-03 0.00 0.00 o.00

YR



GE. FOLLOW-ON PROPERTIES AFTER SEPARATION

POWER 48.52 MW. BURNUP 41493.MWD, FLUX., 2.59+15N/CM•412-5EC

NUCLIOE INGESTION HAZARD, M•43 OF wATER

BASIS • MT HEAVY METAL CHARGEO TO
AT RCG

REACTOR

SB126

TEI27M
TE127

TE124m
TE129

1129

1131

XE131M
XE133

CS134
c5135
CS136

C5I37
BA137m

BA190
LA140

CEI41
PR143

PR144
ND147

Pm147
PM148m

PM148

SM15I
EU152

GD153
EUI54

EU155
EU156
TE160

TB161

GD162
TB162m

SUBTOT
TOTAL

CHARGE

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00

0.00
0.00
0.00

0.00
0.00

0.0U
0.0U
0.00
0.00

0.J0
0.00
0.0U

J.00
0.00
0.00

0.00
0.00

O.UU

0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.0U

SEPARATION
-4.41+01

3.95+08
5.76+07
1.26+09
2.02+07

7.19+05

7.59+09
-4.75+02

-2.06+01
4.60+09

1.40+04
2.23407

7.05+09

-1.32+05
8.13+08

9.36+08
2.94+09

4.43+08

1 •04+1 1
-1.04+06

5.52+07
1.76+09

-1.65+04

-1.33+03

1.53+07
3.29+05
8.88+03

1.00+08
2.78+08

-1.34+03

4.17+07
-7.21-01

-3.44-U3

-3.44-03

5.65+11
S•65+ 1 1

1.0+00 YR

-1.62+00

3.87+07
9.57+06

7.36+05
1.18+04

7.16+05

1.68-04
-2.49-07
-2.85-20

3.28+09

1.40+04
7.82-02

6.89+09
-1.29+05

2.10+00

2.42+00
1.19+06

4.19+00

4• 27+ 1 0
-4.27+05
6.90-03

1.35+09
-3.99+01
-3.20+00

1.52+07
3.10+05
3.12+03

9.59+07
1.89+08

-6.28-05
1.25+06

-8.45-17
-1.72-03

-1.72-03

2.92+11
2 •92+ 1 1

1.0+01 YR

-1.52+0U
3.25-02
8.03-03
0.00
0.00
7.16+05

0.00
0.00
0.00

1.56+08

1.40+04
0.00

5.60+09
-1.05+05

0.00
0.00
0.00
0.00

1.40+07
-1.40+02

0.o0

1.25+08
-1.11-22
-8.92-24

1.41+07

1.85+05
2.55.-01

6.49+07
6.04+06

0.00
2.37-08
0.00

-3.37-06

-3.37-06

1.47+11
1047+11

1.0+02 YR

-1.52+00

0.00
0.00
0.00
0.00
7.16+05

0.00
0.00
0.00
9.58-06

1.40+04

0.0U
7.00+08

-1.31+04

0.00
0.00

0.00
0.00

0• 00
0.00

0.0u
5.72-03
0.00
0.00
6.90+06
1.02+03
0.00

1.32+06
6.54-09
0.00

0.00
0.00
0.00
0.00

1.00+10
1 •60+ 1 0

1.0+03 YR

-1.51+00
0.00
0.00
0.00
0.00
7.16+05

0.00
0.00
0.00
0.00

1.40+04
0.00

6.55-01
-1.23-05

0.00

0.00

0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

5.32+03
2.73.20

0.00

1.55..11
0.00
0.00
0.00
0.00
0.00
0.00

B.37+05
B • 37+05

1.0+04 YR

-1.42+00

0.00
0.00 .
0.00
0.00
7.16+05

0.00
0.00

0.00
0.00
1.40+04
0.00

0.00
0.00
0.00
0.00
U.00
0.00
0.00

0.00
(.J.00

0.00
0.00
0.00

0.0U
0.00
0.00

0.00

0.00
0.00

0.00
0.00
0.00
0.00

8.29+05
8 •29+05

1.0+05 YR
-7.60-01

0.00
0.00
0.00
0.00
7.13+05

0.00
0.00

0.00
0.00
1.37+04
0.00

0.00
0.00
0.00
0.00

0.00
0.00

0.0U
0000
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

8.01+05
8..01+05

1.0+06 YR
-1.49-03

0.00
0.00
0.00
0.00
6.811+05

0.00
0.00
0.00
0.00
1.11+04

0.00

0.00
0..00
0.00

0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

7.07+05
7 • 07+OŠ

1.04.07 YR
0.00
0.00
0.00
0600
0.00

4.764115

0.00
0.00

0000
0.00
14139+03

0.00

0.00
0.00
0.00

0000
0.00
0.00

0.00
0.00
0000

0.00
0000
0.00
0000
0.00
0.00

O.U0
0.00
0000
0.00

0.00
0000

0.00

4.78+05
4.704.05

1.0+08 YR
0.00

0.00
0.00
0.00
0.00
1.22+04

0.00
0.00
0.00
0.00

1.30.08

0.00

0.00
0000
0000

0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00

0.00
1.22404
1.22.04

1.0+09 YR
0.00

0.00
0000
0.00
0.00
1.9212

0.00
0000
0000
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

0.00

1.64..01
1.64-01
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APPENDIX 3.A

Specimen Dose Calculation Program



APPENDIX  3.A  Coecimen Dose Calculation Program

FILE.HAmE = FOOD.W PROCESSa. ON 17 JUL_73 AT 17;.33:00..._

NO PCF ELEMENT REQUESTED

100 ******* THIS PROGRAM CALCULATES DOSES AND DOSE COMMITMENTS FROM FOODS FROM IRRIGATED FARMS.
110  1 * * * FOR ALAP_STUDY.... APRIL 1973. 
12u FOR HELP CALL UA BAKER 946-2211
130
140 1************* ARRAY DIMENSIONS ******************

  150
16v DIM A(200.5), B(20u) ADULT DOSE FACTORS. PLANT CONC. FACTORS

170 DIM D(200). E(200) LarAYCCCT4To, EGG BURDENS
100 __DIm._0(2900)_._4(20.00) X. DOSE. TAUS 
19U Dlm J(200), L(200) 1 EGG TRANS. FACTORS. WATER CONC.
200 DIM M(200), Ni200,5) 1 MILK TRANS, COEF.. DOSE COMMITMENTS 
21u Ulm O(200.5). Q(20u.5) 1 % DOSE COMMIT.. ADULT DOSE
220 DIM  R(200). SIefla) RELEA5E5. SOIL FACIDRS 
230 DIm 7(5,5). U(5.5)
24u DIM 0204, W(200)
250 UIM X(200). Y(15)

_ 260 . 2(20e) _
27U

INDIVi NAMES. LSCITOPF-__NAMES___ 
290 DIM S(15)S(12) 1 FOOC NAMES
34u _ _ _ _
35u 1 NON-AIMENSIONED VARIABLES USED IN THIS PROGRAM:
360 A5 C D1 D2 D3 E F F1 F2 Fl F4 F5 G1 H1 I J K_K1. .1 .K4 K5 M1.1.12_ N_AL_Q1 02 03 Q4
37u 1 h R3 R5 R7 Si T T1 T2 T3 T4 T5 T6 U1 U2 V V1 W1 X
3d0 9_111_ 04. C$ ..0_5___F_S_____11__KLEI._9_13$ a J.J$_2(.1
39u
400 Rim ********* ******** ****READ INITAL cONS7ANTS************** * * ***
410
430 N1=62_ 1 NUMBER. OF NJCLIDES_IN_ARGIN E41E
44U T6=50 YEARS OF DoSE ACCUMULATION
450 74::25 1 YEARS ACCUNuLATI9N.1NS0I1,:
460 71:30 --' DAYS COw cycus bETWEEN GRAZING SITES
470 R5=110 1 IRRIGATION RATE IN L/MA2/M0
475 03=0.25 ' DEPOSITION FRACTION TO PLANT
480 U2=365 ' MILK CONSUmPTION IN L/YR
490 01=55 'FORAGE CONSoMPTION IN KG/DAY

— 500 92=50 ' Cow wATER IN 4/PAY _

DOSE TOTALS, DOSE COMMIT. TOTALS
RECYCIE FRACTION._ .LEAF FACTORS 
PLANT CONC.. YIELDS

.".RECONCENTRATIONS



510 G1=.75 t GRAZING FALTOR
512 U.5=0.12 t CHICKEN GRAIN CONSUMPTION INKG/DAY
51.) 04=0.3 t CHICKEN 0ATER CONSUMPTION IN L/DAY
560
570 DATA aLEAFY-vEG.nruO.A.G.-VEG.u.SPUDSpaROOT-VEG.urBERRIES
580
59u
60u
610
620
630
64u
650
66u
670 FILE U1=TAUS2• g2=ARvIw2• m3=RELW. m4=F00lN3
680
69U GET42. IS.1s 'SPACE PAST TITLFS
700 GLT U1. Plr 15 SPACE PAST TITLES
701

'71u FOR I=1 TO NI tRLADISOTOPE NAME. DECAY CONST AND DOSE FACTORS FROM tARGINt
720 INP0112.
730 INPUThIr XS. I(1.1). I(Ir4)rI(Ir5) t TAUS FOR T-D AND BONE AND LIVER IN MAYS
740 1(1.3)=133 ' 'TAUS FOR THYROID
750 1(1.2)=10 r TAU IN DAYS FOR GI-LLI
760 NLXT I
770
78u 6E1-114. ISr I$ t SPACE PAST TITLES
790
80u FOR I=1 TO H1
810 li- 1=1 GOT() 830
82u IF N(I)r,(1,2)=N(1-1)4,(1.2) GOTO
830 Ir.NJTW4r IS. B(1). J(I). M(I)
84u GuTo 860

B(1)=B(1-1)
860 J(1)=J(I-1)
87u M(I)=M(I-1)
880 CONTINUE
890 NEAT I
900
91u W1OTH 132
920 ON ERROR GOTO 1990
93u ON ATTENTION GUTO 200c
931
94U REm *********************GET USER INPUT**************************
950
960 PH11JT uTITLE
970 GET A$
980 'FIND OUT REACTOR NAi-iE FROM USER
99J PhINT

DA1A MELON5ruORCH.-FkUITurWHEATolOTHER-GRAINu.EGGS.MILK
READ S(1)SrS(2)515(3)5.5(4)*6(5)Sr5(6)5,S(7)$,S(8)5.5(9)$#S41U)S,5(11)%
UATA ADULT. TEEN. CHILD
REAU B(1)$.8(2)5.6(3)5
DATA BODY. GI-LLI. THYROID. RONE,LIVER
REAL, G(1)S,G(2)s.G(3)cr3(4)S.G(5)1,
OATA 1.5. .7. 1.8. 4. 2.7r .83. 1.7. ..34, .35. .35. 1.3
MA1 READ Y(11) ' YIELD IN KG/MA2



1.000 UPTPU3 nREACTQR NAMEui_.
101U GET R$
3020 1 **(,'ET REACTOR RELEASES FRuM FILE 'REL.
1030 IF ENO.,3 GOTO 1080
!Caw GET43. 'TRY Tu MATCH THIS LINE OF 'REL. WITH REACTOR NAME
I05U IF LEN(U$)(14-LEN(R$) GOTO 1030
_106U IF 9$(4.LEN(R$)A<>RS (70TO 19.30
I07U GUTO 1110
1080 uuTPUT n**NO uipS;11 RELEASES ON FILE 'REL'**u
1090 RESTORL43
11Uu oU10 1000
1110 INPUTU3, W$ ' INPUT WATER TYPE

_1120 MAI INPUTp3, Ri2001 'INPUT RELX.TOR_RELEASE5_
113u RLSTOR043
114u IF NUMzN1 GOTO 1170
115U OUTPUT nI NEED TO EATuill1iuRELEASES, 3UT AAS FEDu;STR(NUMpu hgri.n)
116U GuTU 3360
1170 KI=K1+1 ' CASE NO.
1180 PhINT uENTER FOOD TYPE, 1 TO 110
1190 INPUT X
1210 IF X=1 GOTO 1255
121u E=.1 ' TRANS. FACTOR FOR ALL OTHERS
I22u IF X=11 G070 1440
I25u IF X=10 GOTO 1285
1252 GuTO 1e60
1256 E=1 1 TRANS FACTuR FOR LEAFY VEG.
1260 PhINT uENTER CONSUMPTIuN RATE IL KG/YR, CONTAMINATED FRACTION, AND GROWING SEASON IN DAYS0
1270 INPUT U1. F4. T2
1280 GU10 1440
128:; E=.1 ' TRANS. FACTOR FOR GRAIN
129U PRINT uENTER CuNSUMPTION RATE IN EGGS/PAY 8 TIME IN DAYS BETWEEN. LAYING_AND.EAJINGt1I._
1300 INPUT Ul. T5
1310 PRINT uENTER GRAIN GhOWING SEASON IN BAYS.II
132U INPUT 12
1324 PRINT uENTER CONTAMINATED FRACTIONul
1320 INPUT F4
I43U
1440 PRINT uENTER HOLDUP iN HRS AND MIX. RATIO n$
1450 INPUT HI.M2
1460 1**INPUT CUOLING FLO, AND RECONCENTRATION CONSTANTS
1470 OUTPUT uCOULING FLUW IN CFS=n.
14.30 1NHuT A
1500 UuTPuT uWHICH RECONCENTRATION FURMULAn;
151U INPUT
I52u UN R GOTO 1600.1710.1550
1530 OUTPUT a**ENTER ONE oF THE NUMBERS 1. 2. OR 3**n
I54u GUI() 1s00
155u
tbbu C=I RECONC. FACtOR



1570 1850 JUTPUT RSin FLOW=6;w:u ON5TAILKU_ONCENTRATION=n1C....
1580 2060 Z(I)=C
1590 GO10 1780
1600 PR1NT uENTEH COOLING POND VOLUME IN CUBIC FEET ANpu
1610 PRINT u FRACTIONAL TURNOVER RATE IN 1/DAYui
1620 INPUT vpM1
1630 PRINT uENTER MAKEUP jLUa IN CFS AND_CyCLE TIME IN. HOURSnj
1640 INPUT MrC
1650 IF M>W GOTO 1990
1660 1850 OUTPUT RS;u FLOWS AREu;W;116,u;M;u VOLUME=u;Viu CYCLF=u;C
167J 1860 OUTPUT R$;u TURNOVER RATE=n;M1
!68u 2070 V(I)=1W-M)/(W+V*F1/86400) 'RECYCLE FRACTION
1690 2080 Z(1)=1/(1-V(I)*LXP(-0(I)C))
1700 COO 1780
1710 OUTPUT clENTER RECYCLL FRACTION. CYCLE TIME IN HOURSni
1720 INPUT V.0
1730 1850 OUTPUT FIS;u FLOW=OW;n FRACTION=u;V;u CYCLE=n1C
1740 2080 L(I)=(1-(VsEXP(-0(i)sC))6(74* 8766/C+1))/(1-V*EXP(-D(I)*C))
1750
1760 vs*PRINT CONSTANTS AT TELETYPE
1770
1780 PRINT
1790 IF A=11 GOTO 1831
1830 PRINT nCONSumP. RATE=n;Uliu CONTAMINATEU FRACTION=n;F4iu GROWING SEASON=n1T2
1831 PRINT LITRANSLOCATJON=u;op YIELD=njy(X)
1840 PRINT
1850 OuTPUT RIPOJ FLOWzn;w:n CONSTANT RECONCENTRATION=niC
1860 'PUT In AT RUN
1870 OUTPUT
188C, PRINT uHOLDUP=u;H1,nnIXING RATIO=1;142
1890 PRINT
192o ON ATTENTION
t93U OUTPUT nCONSTANTS OKui
1940 GLT AS
195O IF 4l,(1.1)=nNn GOTO 1180
1 960 1r A$(1.1)=uYn GOT() 2025
1970 OUTPUT ns*TyPE Y FOR YES OR N FOR NO**n
1980 GuT0 1930
199U PRINT LERROR ON INPU1 - SAY AGAIN . .11
2000 T=LSL
2010 JUMP T
2020 On ERROR
202J IF KIM GOTO 2040
2G2u PRINT
202/ LIST NN 440-513
2030
2040 RLM *********************CALCUEATE RESULTS***********************
2050 FOR 1=1 TO N1
2060 1F R(1)=0 GOTO 2090



207u
2080
2690
210u
213U
214u

1 pUT IN AT RUN
Z(1)=C
NEAT I

* * * * UOSE CALLULATIUN * * * * _

214'3 D15ABLE
215u MA1 T=zER
216U MAT U=ZER
2170 FOR F=1 TO 5
2180 F0.4 Iz1 TO N1
219U 1F R(I)=0 GOTO 2410
_2200 Et1)=R(1)*Z(!)+MAPL7G(L)*H11/(W*8,937.E4)*1E12 PCIA.
2210 U1=0.693/14+24440(I) ' EFFECTIVE DECAY CONST IN 1/DAY
2230 IF x<>11 GOTO 2250
2240 T2=30
2250 W(1)=D3*E/Y(X)*(1-EXP(-01*E2))/(D1*30.44) 9 WATER THRU LEAF PATH
2260 S(1)=B(I)*(1-EXP(-b(1)*T4*8766))/(D(I)*2244(730.5) 'SOIL TO ROOT PATH
2270 X(1)=L(I)*R5*(W(PtS(i/)._ 1 PLANLCSINC_*__ILE_P_CaL.KG
2250 (...(I.F)=X(I)*F44*U1*A(14F) 0 AOULT OOSE
228u GOSUB 3370
2290 N(14F)=(I,F)*F5 1 VEG. DOSE COMMITMANT.
2291
229J IF A=1/ GOIO 2350
229/ IF X(10 GOIO 2380
230o

_
E.(1)=CA(I)S03*EXP(-D(I1*T5424) + 04*L(I)) * JII/ ' EGG BURDEN IN PCl/EGG

232u u(1,F)=A(I4F)*U1*E(I)*F4*365 1 EGG COSE
233u N(1,F)7_-(1(1,F)*F5 ' EGO DOSE COMVIThiENT
23(40 Go10 2350
2345
2350 C(1)=M(I)*U1*X(I)/EXPI-U(I)*T1*24L+ y(I)*L(I)*(12. '
2350

_MILK _C-CINC_.__LN_ECII
O(IfF)=A(I.F)*U2*G1*C(I) ' MILK DOSE

237u N(I.F)zO(IFF)(14-5 ' MILK DOSE COMMITMENT
2371
2380 T(1.F)=T(1.F) + O(I,F) ' TOTAL UOSE
2390 U(1,F)=U(11F) + MIF(-) ' TOTAL DOSE COMMITMENT
21410 NLXT
2420 NEAT F
243u ENABLE
2440
2454.1 * * * * * PRINT RESULTS AT TTY * * * * *

2145o PRINT
247u PRiAT
2460 PRI,4T u * * DOSES AND DOSE COMMITMENTS TO iN ikDIVIDUAL CONSUMING niS(X)Sin IN MREM/YEAR AND MREM * *
2490 P1.i:4T
250u PF-IAT TAB(9);(2 BODY GI-LLI THYROID BONE LIVERn
251u PkIN1
252u FOR J=1 TO 3
2530 IF ..)>1 GOTO 2570

*r/



2540 PRINT USING
2550 PHINT
2560 PRINT uSING 2590.
2570 NExT J
2580
259u : mutat; 4.4!!!!
2600
2630 PRINT
2640 IF K1>1 GOTO 2755
2650 PRINT nDO YOU WANT
2660 GET CS
267u IF CS=uNn GOTO 2886
26-7
2674 * * * WRITE DOSES 10
267J
268U
2690
2700
2710
2720
273'.1
2740
2750
275J
2760
2770
2780
2790
282u
2830
2840
2850 FILES
286u
2870 014 ATTENTION GOTO 3200
2880 PRiNT
2884 PRINT nAHAT % ***u;

2885 INPUT J1
288u PRINT
2890 PRINT n
2900 PRINT
2910 1F X=11 GOTO 2990
2920 IF X=10 GOTO 2960
2930 PRINT uISOTOPE H.L,
2940 PRINT u YEAR
2950 GuTO 2980
2960 PRINT uISOTOPE
297u PRINT u
2980 GOTO 3020
2990 CoNTINUE

2590. U(..)$,T(Jr1).T'J.2),T(Jr3).T(J.4).T(Jr5)

B(J)S.U(J.1),U(J,2),U(J.3),U(J,4),O(JP5)

g.H!!!! t10-!!!!! H.4!!!! U.n!!!!

DuSES PUT ON FILEn;

FILE

PRINT nENTER FILE NANEn;
GL1 K$
PRINT aENTER FILE TITLEu;
GLT T$
FALL: CLOSE ;11
FILE SCRATCHH1=KS
OUTPUT Ul. RS; TS
GOTO 2770
IF CSZuNu GOTO 2880
FILE APPEND 41=K$
OUTPUT 111. S(X)$. N1, K1
FUR I=I TO N1
OUTPUT u1. N(I)S;

* * *

OUTPUT d1. 0(1,1),U(1,2),Q(Ip3),O(I.4).0(I.5)
NEXT 1

YEAR

* * * COTRIBUTIONS TO ADULT UOSE >n1J1;n96

RELEASE CONC. PATH. .FACTOR
Cl/YR PCl/L LEAF ROOT

RELEASE CoNC. GRAIN CONC.
Cl/YR PCl/L PCl/KG

PLANT CONC.. DOSE
PCl/KG MREM/YR

EGG CONC
PCl/EGG

DOSE
MREM/YR

. TAU ...DOSE. COMMIT _In_
DAY MPEMn

TAU DOSE COMMIT 14n
DAY tAREMn



3p0u PkINT uISOTOPE h..LA _ RELEASE _coNg, GRASS CONCL_ MILK CONC. jaOSE _% TO _DOLE DO_MMLT___
3010 PRiNT u YEAR Cl/YR PCl/L PCl/KG PCl/L MREM/YR
3020 FOR F=1 TO 5
303u PRINT
304J PhINT (AFIS
3050 PRIAT
306u Fuh J=1_TO NI_
307J IF R(I)=0 GOTO 3220
3080 A5=0.695/(D(I)*8766) HALF LIFT _IN_ YRS
308U IF T(1.F) =0 GOTO 3110
3090 G(I,F)=0(I,F)/T(1,F)*100 _ $ DOSE
3100 0(IFF)=N(I.F)/U(1,F1*100 % DOSE COMMITMENT
3110 IF_G(I t F))J1 0(Ipt1>41___GOTO

DAY mREmn

312u GuTO 3220
3130 IF X=11 GOTO 3210
3140 IF X=10 GOTO 3190
3150 K3=W(I)/(W(I)+S(I))
3160 K4=S(I)/(in(1)+S(I))
317uPRINTUSING3240 ( ) 1.2 ik5 EFULLI_L (nLIS_3_t_n_t X a) LELLGILI E_LaLLLELIfiLiAtEl_a_at FI
3180
3190

GUI() 3220
PhINT USING 3260,N(I)S,A5FR(I),L(I),X(I1rE(I),(I(I,F).G(I.,F).0(1.,F)+N(_IFF),0(IFF)

320u 6010 3220
3210 PRINT uSING 3250, N(I)%rA5,R(I).L(I1,X(I).C(I),O(IfF),G(IfF/rI(IFF),N(IftE),O(ItF4 _
322J NEAT 1
3230 NLAT F

:t.i(4144una 11.(1'!!! 4.4!!!! (2.u!!!! 4.n4 fl.t14 4.#!!!) ri.u$4!!!! ann.# uungan noln!!!! ton.n
325J :;,t41t4H0-114 a,ft!!!! A.4!!!! n,0!!!! n.a!!!! 0.H!!!! . 4.4h!!!!__FH01.4 gh4tN)n ._#.0M1L11. .414.11
3260 :gtor144;iga N.y!!!r u.g!!!! ti.M!!!! H.N!!!! M.P!!!! (2n14.4)) a.MI!!! Wir(010 ntlato
327J PRINT
328u CONTINuE
3290 ON ATTENTION
3300 ON ATTChTION (010 330
330u IF cSzuNIA 6070 3320
331U LUELLA_
3320 PRINT
3330 PRINT
3340 ON ATTOTION
335U GOTD 1170
3360 SloP
337u t*********** SUB TO CALC FACTCR FOR DOSE COMMITMENT AFTER T6 YEARS. ***** ***
3380 Fb=0
339U FoR P=I TO T6
3400 F5= F5 + 1 +
3416 P
3420 RETURN

..**********END OF FILE
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APPENDIX 3.B.1

3. B. 1

External Radiation Dose Factors

Submersion in Air

(mrem/yr per pCi/m3)

Standing on Shoreline

(mrem/hr per oCi/m2)

ISOTOPE WHOLE BODY WHOLE BODY

C-14 1.4E-11 0.0
Ca-41 1.3E-10 0.0
Co-60 2.0E-6 2.0E-8
Ni-59 9.6E-6 0.0
Ni-63 0.0 0.0
Se-79 1.2E-7 0.0
Rb-87 4.4E-7 0.0
Sr-90 2.4E-10 0.0
Zr-93+D 0.0 0.0
Nb-93m 0.0 0.0
Mo-93 2.0E-11 0.0
Tc-99 5.1 E-7 0.0
Pd-107 0.0 0.0
Cd-113m 4.9E-10 2.2E-12
Sn-126+D 7.3E-5 9.0E-9
Sb-126 9.6E-3 8.9E-9
1-129 9.6E-6 7.0E-12
Cs-135 2.5E-7 0.0
Cs-137 4.7E-7 4.9E-9
Sm-151 1.1E-6 4.8E-11
Eu-154 9.8E-7 9.0E-9
Ho-166m 9.6E-3 8.9E-9
Pb-210+D 1.2E-5 1.3E-11
Bi-210+D 1.4E-5 0.0
Po-210 5.9E-8 5.4E-14
Rn-222+D 7.1E-3 6.4E-9
Ra-223+D 1.6E-3 1.5E-9
Ra-224+D 1.1E-2 8.9E-9
Ra-225+D 7.6E-5 8.4E-11
Ra-226+D 7.2E-3 6.4E-9
Ra-228+D 3.4E-3 1.2E-8
Ac-225 1.7E-3 1.6E-9
Ac-227+D 1.8E-3 2.0E-9
Th-227+D 5.2E-4 5.1E-10
Th-228+D 1.5E-5 8.9E-9
Th-229 2.3E-3 2.2E-9
Th-230+0 7.2E-3 6.5E-9
Th-232+D 3.4E-3 3.0E-9
Th-234 1.1E-4 1.1E-10
Pa-231+D 2.0E-3 2.2E-9
Pa-233 1.3E-3 1.3E-9
U-233 2.4E-3 2.3E-9
U-234 6.9E-7 7.4E-13
U-235+D 1.1E-3 3.2E-9
U-236 1.5E-5 4.3E-9
U-238+D 1.1E-4 8.8E-7
Np-237+D 1.4E-3 4.5E-7
Np-239 9.6E-4 3.7E-7
Pu-238 6.0E-7 4.0E-9
Pu-239 4.9E-7 1.7E-9
Pu-240 5.7E-7 4.0E-9
Pu-241 2.5E-7 9.5E-11
Pu-242 4.5E-7 3.6E-9
Am-241 1.6E-4 6.1E-8
Am-242m 2.1E-5 1.6E-7
Am-243+C 1.3E-3 4.6E-7
Cm-242 1.4E-6 4.7E-9
Cm-243 1.1E-7 2.9E-9
Cm-244 1.2E-10 1.8E-9
Cm-245+D 3.9E-4 1.3E-7
Cm-246 4.2E-7 3.3E-9
Cm-2d7+D 1.8E-3 7.SE-7



3.B.2

APPENDIX 3.B.2 Adult Radiation Dose Factors - Inqestion

Isotope

mrem/pCi Intake
Whole
Body GI-LLI Thyroid Bone Liver

C-14 5.29E-7 3.20E-7 5.29E-7 2.64E-6 5.29E-7
Ca-41 5.74E-5 1.84E-7 0.0 0.0 0.0
Co-60 4.70E-6 3.94E-5 0.0 0.0 2.11E-6
Ni-59 5.14E-7 6.90E-7 0.0 2.65E-6 1.33E-6
Ni-63 1.20E-6 1.61E-6 0.0 3.02E-5 3.10E-6
Se-79 4.40E-7 5.38E-7 0.0 0.0 2.63E-6
Rb-87 4.27E-6 5.76E-7 0.0 0.0 1.21E-5
Sr-90 8.95E-5 1.23E-4 0.0 3.3E-4 0.0
Zr-93+D 4.71E-10 2.43E-6 0.0 9.36E-9 1.10E-10
Nb-93m 6.66E-10 3.84E-6 0.0 6.84E-9 2.51E-9
Mo-93 2.07E-7 1.25E-6 0.0 0.0 7.65E-6
Tc-99 4.44E-8 5.38E-6 0.0 1.11E-7 1.65E-7
Pd-107 9.41E-9 9.11E-7 0.0 0.0 1.47E-7
Cd-113m 6.69E-8 2.30E-5 0.0 0.0 2.09E-6
Sn-126+0 2.40E-6 2.43E-5 4.79E-7 7.78E-5 1.63E-6
Sb-126 4.17E-7 9.40E-5 6.99E-9 1.16E-6 2.36E-8
1-129 6.01E-6 3.07E-7 6.18E-3 2.49E-6 1.76E-6
Cs-135 5.64E-6 3.71E-7 0.0 1.44E-5 1.49E-5
Cs-137 5.60E-5 2.05E-6 0.0 6.37E-5 9.96E-5
Sm-151 9.29E-10 5.25E-6 0.0 1.12E-8 8.84E-9
Eu-154 2.81E-8 8.83E-5 0.0 2.34E-7 1.01E-7
Ho-166m 1.84E-8 2.56E-5 0.0 6.05E-8 2.12E-8
Pb-210+D 1.01E-4 5.42E-5 0.0 1.47E-3 6.49E-4
Bi-210+D 3.96E-8 4.75E-5 0.0 4.57E-7 3.23E-6
Po-210 8.62E-5 6.36E-5 0.0 3.58E-4 7.57E-4
Rn-222+0 0.0 0.0 0.0 0.0 0.0
Ra-223+D 5.15E-4 3.21E-4 0.0 4.98E-3 0.0
Ra-2244-0- 2.04E-4 3.40E-4 0.0 1.62E-3 0.0
Ra-225+D 1.31E-3 3.06E-4 0.0 6.57E-3 0.0
Ra-226+0 7.69E-3 3.32E-4 0.0 1.17E-2 0.0
Ra-228+D 1.12E-2 5.64E-5 0.0 1.91E-2 0.0
Ac-225 2.96E-7 4.07E-4 0.0 4.41E-6 6.09E-6
Ac-227+D 5.24E-6 7.94E-5 0.0 7.88E-5 3.19E-5
Th-227+D 3.85E-7 5.39E-4 0.0 1.33E-5 2.42E-7
Th-228+D 5.15E-6 5.63E-4 0.0 1.52E-4 2.57E-6
Th-229 8.73E-6 5.12E-4 0.0 3.06E-4 8.79E-6
Th-230+D 1.28E-6 6.02E-5 0.0 4.52E-5 2.66E-6
Th-232+D 1.09E-6 1.28E-4 0.0 3.92E-5 2.26E-6
Th-234 2.32E-9 1.13E-4 0.0 8.03E-8 4.73E-9
Pa-231+D 3.73E-6 6.27E-4 0.0 9.01E-5 3.46E-6
Pa-233 9.13E-10 1.64E-5 0.0 5.27E-9 1.06E-9
U-233 4.86E-7 6.27E-5 0.0 4.97E-6 0.0
U-234 4.77E-7 6.14E-5 0.0 4.77E-6 0.0
U-235+D 4.48E-7 7.81E-5 0.0 4.57E-6 0.0
U-236 4.57E-7 5.76E-5 0.0 4.57E-6 0.0
U-238+D 4.18E-7 1.66E-4 0.0 4.37E-6 0.0
Np-237+D 1.31E-6 7.94E-5 0.0 3.00E-5 2.70E-6
Np-239 6.46E-11 2.40E-5 0.0 1.20E-9 1.18E-10
Pu-238 4.39E-7 7.30E-5 0.0 1.76E-5 2.70E-6
Pu-239 4.12E-7 6.66E-5 0.0 1.65E-5 2.54E-6
Pu-240 4.16E-7 6.78E-5 0.0 1.65E-5 2.57E-6
Pu-241 4.21E-10 6.78E-7 0.0 1.44E-8 2.60E-9
Pu-242 3.92E-7 6.53E-5 0.0 1.57E-5 2.42E-6
Am-241 1.46E-6 7.42E-5 0.0 1.83E-5 2.04E-5
Am-242m 1.62E-6 9.34E-5 0.0 2.01E-5 2.12E-5
Am-243+0 1.41E-6 9.73E-5 0.0 1.77E-5 1.97E-5
Cm-242 8.26E-7 7.92E-5 0.0 1.25E-5 1.32E-5
Cm-243 1.58E-6 7.81E-5 0.0 2.38E-5 2.51E-5
Cm-244 1.51E-6 6.55E-5 0.0 2.28E-5 2.40E-5
Cm-245+D 1.49[-6 7.04E-5 0.0 2.24E-5 2.36E-5
Cm-246 1.49E-6 6.91E-5 0.0 2.23E-5 2.36E-5
Cm-247+D 1.46E-6 9.09E-5 0.0 2.16E-5 2.32E-5



3.6.3

APPENDIX 3.B•3 Adult Radiation Dose Factors - Inhalation

mrem/pCi Intake
Whole

Isotope GI-LLI Lungs Body Thyroid Bone Liver

C-14 1.64E-7 3.97E-7 4.11E-7 2.05E-6 3.97E-7
Ca-41 2.88E-7 3.42E-6
Co-60 3.49E-5 6.55E-4
Ni-59 6.11E-7 7.21E-6 3.53E-6
Ni-63 1.43E-6 1.69E-5
Se-79 3.33E-6 3.93E-5
Rb-87 2.88E-7 0.0 3.20E-6
Sr-90 9.04E-5 1.05E-3
Zr-93+D 3.89E-6 1.87E-5
Nb-93m 2.32E-6 2.81E-5
Mo-93 3.90E-6 4.56E-5
Tc-99 6.66E-6 7.86E-5
Pd-107 7.06E-7 8.33E-6
Cd-113m 1.43E-5 1.66E-4
Sn-126+D 1.59E-5 1.03E-3
Sb-126 6.01E-5 9.63E-5
1-129 1.54E-7 0.0 4.50E-6 4.74E-3 1.88E-6 1.32E-6
Cs-135 1.36E-7 1.04E-6 4.23E-6 1.ORP-5 1:07E-8
Cs-137 1.03E-6 6.99E-6 4.21E-5 4.78E-5 7.11E-5
Sm-151 3.25E-6 3.93E-5
Eu-154 5.48E-5 7.96E-4
Ho-166m 1.59E-5 3.46E-4
Pb-210+D 3.65E-5 2.31E-2
Bi-210+D 2.95E-5 1.11E-3
Po-210 4.19E-5 3.08E-2
Rn-222+D 0.0 0.0
Ra-223+D 2.84E-4 2.54E-2
Ra-224+D 3.01E-4 8.78E-3
Ra-225+D 2.71E-4 3.28E-2
Ra-226+D 2.94E-4 0.0
Ra-228+D 5.00E-5 1.44E-1
Ac-225 2.52E-4 2.29E-2
Ac-227+D 4.92E-5 2.10E-1
Th-227+D 3.34E-4 3.23E-2
Th-228+D 3.49E-4 2.00E-1
Th-229 3.17E-4 2.50E-1
Th-230+D 3.73E-5 4.49E-2
Th-232+D 7.94E-5 3.84E-2
Th-234 7.03E-5 1.61E-4
Pa-231+D 3.89E-4 5.06E-2
Pa-233 1.02E-5 3.52E-5
U-233 3.89E-5 4.68E-2
U-234 3.81E-5 4.59E-2
U-235+D 4.84E-5 4.31E-2
U-236 3.57E-5 4.40E-2
U-238+D 1.03E-4 4.03E-2
Np-237+D 4.92E-5 4.59E-2
Np-239 1.49E-5 4.70E-6
Pu-238 4.52E-5 5.15E-2
Pu-239 4.13E-5 4.82E-2
Pu-240 4.21E-5 4.87E-2
Pu-241 4.21E-7 3.24E-5
Pu-242 4.05E-5 4.59E-2
Am-241 4.60E-5 5.15E-2
Am-242m 5.79E-5 2.15E-2
Am-243+D 6.03E-5 4.96E-2
Cm-242 4.91E-5 3.64E-2
Cm-243 4.84E-5 5.62E-2
Cm-244 4.68E-5 5.37E-2
Cm-245+D 4.36E-5 5.15E-2
Cm-246 4.29E-5 5.24E-2
Cm-247+D 5.63E-5 5.15E-2



.



APPENDIX 3.0

Radionuclide Transfer Factors Used in Dose
Calculations for Selected Media



3.C.1

APPENDIX 3.0 Radionuclide Transfer Factors for Selected Media Used in

Dose Calculations

ELEMENT CROPS MILK FRESH WATER FISH MARINE FISH

PCi/kg of Plant pCi/z of Milk pCi/kg of Fish pCi/kg of Fish
pCi/kg in Soil pCi/d of Intake pCi/z in River pCi/9.. in River

C 5.5 7.5E-3 4.6E+3 1.
Ca 3.6E-2 8.0E-3 4. 1.0E+1
Co 9.4E-3 5.0E-4 5.0E+1 1.0E+2
Ni 1.9 3.4E-3 1.0E+2 5.0E+2
Se 1.3 2.3E-2 1.7E+2 1.0E+1
Rb 1.3E-1 1.5E-2 1.0E+3 3.0E+1
Sr 1.7E-2 1.0E-3 1.0E+2 1.
Zr 1.7E-4 2.5E-6 3. 3.0E+1
Nb 9.4E-3 1.3E-3 3.0E+4 1.0E+2
Mo 1.3E-1 3.7E-3 1.0E+1 1.0E+1
Tc 2.5E-1 1.3E-2 1.5E+1 1.0E+1
Pd 5.0 5.0E-3 1.0E+1 1.0E+1
Cd 3.0E-1 6.2E-5 2.0E+2 1.0E+2
Sn 2.5E-3 1.3E-3 3.0E+3 3.
Sb 1.1E-2 8.0E-4 1. 1.0E+3
I 2.0E-2 1.0E-2 1.5E+1 2.0E+1
Cs 1.9E-2 7.0E-3 2.0E+3 3.0E+1
Sm 2.5E-3 2.5E-6 2.5E+1 1.0E+2
Ho 2.6E-3 2.5E-6 2.5E+1 1.0E+2
Eu 2.5E-3 2.5E-6 2.5E+1 1.0E+2
Pb 6.8E-2 3.1E-4 1.0E+2 3.0E+2
Bi 1.5E-1 2.5E-4 1.5E+1 1.5E+1
Po 1. 1.5E-3 5.0E+2 3.0E+2
Rn 0.0 1.0E-2 5.7E+1 1.
Ra 3.1E-4 8.0E-3 5.0E+1 5.0E+1
Ac 2.5E-3 2.5E-6 2.5E+1 2.5E+1
Th 4.2E-3 2.5E-6 3.0E+1 1.0E+4
Pa 2.5E-3 2.5E-6 1.1E+1 1.0E+1
U 2.5E-3 2.5E-4 , 2. 1.0E+1
Np 2.5E-3 2.5E-6 1.0E+1 1.0E+1
Pu 2.5E-4 2.5E-6 3.5 3.
Am 2.5E-4 2.5E-6 2.5E+1 2.5E+1
Cm 2.5E-3 2.5E-6 2.5E+1 2.5E+1





APPENDIX 3.D
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3.D.1

APPENDIX 3.D 

RADIOACTIVITY IN WASTE rACCUMULATED THROUGH YEAR 2000 

(Curies)

ISOTOPE

Years' Storage

102 103 104 105 106

C-14 5.63E+5 0.0 0.0 0.0 0.0
Ca-41 7.33E+2 0.0 0.0 0.0 0.0
Co-60 3.15E+2 0.0 0.0 0.0 0.0
Ni-59 1.95E+5 3.33E+4 3.08E-4 1.40E+4 5.43
Ni-63 3.05E+6 1.23E+3 0.0 0.0 0.0
Se-79 9.69E+4 9.60E+4 8.72E+4 3.34E+4 2.26
Rb-87 4.70 4.67 4.67 4.67 4.67
Sr-90 1.10E+9 0.0 0.0 0.0 0.0
Zr-93 4.03E+5 3.88E+5 3.87E+5 3.71E+5 2.45E+5
Nb-93m 4.05E+5 3.88E+5 3.87E+5 3.71E+5 2.45E+5
Mo-93 5.22E+3 0.0 0.0 0.0 0.0
Tc-99 2.83E+6 2.82E+6 2.74E+6 2.04E+6 1.08E+5
Pd-107 2.28E+4 2.28E+4 2.27E+4 2.25E+4 2.06E+4
Cd-113m 3.13E+4 0.0 0.0 0.0 0.0
Sn-126 1.27E+5 1.26E+5 1.19E+5 6.35E+4 1.24E+2
Sb-126 0.0 1.25E+5 1.17E+5 6.29E+4 1.23E+2
1-129 7.97E+3 7.97E+3 7.96E+3 7.94E+3 7.65E+3
Cs-135 8.46E+4 8.46E+4 8.44E+4 8.27E+4 6.71E+4
Cs-137 1.84E+9 0.0 0.0 0.0 0.0
Sm-151 1.40E+8 1.08E+5 0.0 0.0 0.0
Eu-154 1.07E+7 0.0 0.0 0.0 0.0
Ho-166m 9.33E+1 5.55E+1 3.06E-1 0.0 0.0
Pb-210 8.73E-1 1.88E+2 8.89E+3 7.03E+4 1.28E+4
Bi-210 8.73E-1 1.88E+2 8.89E+3 7.03E+4 1.28E+4
Po-210 8.73E-1 1.88E+2 8.89E+3 7.03E+4 1.28E+4
Rn-222 1.32 1.88E+2 8.99E+3 7.03E+4 1.28E+4
Ra-223 1.34E+4 1.36E+4 1.12E+4 1.74E+3 1.30E+2
Ra-224 9.64E+3 9.46 7.79 7.83 8.16
Ra-225 1.95E+2 1.73E+3 1.25E+4 4.02E+4 6.78E+4
Ra-226 1.32 1.88E+2 8.89E+3 7.03E+4 1.28E+4
Ra-228 7.80 7.79 7.79 7.83 8.16
Ac-225 i.95E+2 1.73E+3 1.25E+4 4.02E+4 6.78E+4
Ac-227 1.34E+4 1.36E+4 1.12E+4 1.74E+3 i.30E+2
Th-227 1.34E+4 1.34E+4 1.11E+4 1.71E+3 1.29E+2
Th-228 9.64E+3 9.46 7.79 7.83 8.16
Th-229 1.95E+2 1.73E+3 1.25E+4 4.02E+4 6.78E+4
Th-230 5.22E+i 1.08E+3 1.14E+4 7.00E+4 1.28E+4
Th-232 7.80 7.79 7.79 7.83 8.16
Th-234 2.42E+2 2.42E+2 2.42E+2 2.42E+2 2.43E+2
Pa-231 1.39E+4 1.36E+4 1.12E+4 1.74E+3 1.30E+2
Pa-233 7.29E+4 8.34E+4 8.70E+4 8.50E+4 6.35E+4
U-233 1.88E+4 1.90E+4 2.16E+4 4.22E+4 6.76E+4
U-234 8.38E+4 1.41E+5 1.37E+5 1.07E+5 8.77E+3
U-235 2.14E+1 2.23E+1 3.60E+1 1.22E+2 1.30E+2
U-236 6.18E+3 6.30E+3 7.08E+3 7.57E+3 7.38E+3
U-238 2.42E+2 2.42E+2 2.42E+2 2.42E+2 2.43E+2
Np-237 7.29E+4 8.34E+4 8.70E+4 8.50E+4 6.35E+4
Np-239 7.16E+6 6.60E+6 2.92E+6 8.38E+2 0.0
Pu-238 1.55E+8 2.42E+5 0.0 0.0 0.0
Pu-239 9.31E+5 1.08E+6 1.84E+6 2.46E+5 1.94E-6
Pu-240 4.95E+6 4.56E+5 1.81E+6 1.78E+2 0.0
?u-241 2.33E+6 2.85E+5 1.34E+5 7.10E+1 0.0
Pu-242 9.85E+3 1.02E+; 1.04E+4 9.00E+3 1.74E+3
Am-241 6.74E+7 1.62E+7 1.34E+5 7.10E+1 0.0
Am-242m 3.30E+6 5.45E+4 0.0 0.0 0.0
Am-243 7.16E+6 6.60E+6 2.92E+6 8.38E+2 0.0
Cm-242 2.71E+6 4.47E+4 0.0 0.0 0.0
Cm-243 2.28E+5 0.0 0.0 0.0 0.0
Cm-244 1.84E+7 0.0 0.0 0.0 0.0
Cm-245 3.07E+5 2.85E+5 1.34E+5 7.09E+1 0.0
Cm-246 5.73E+4 5.02E+4 1.34E+4 2.37E-2 0.0
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 RANGE_ _.5 MI  I-5...mi 2 5--t4I 3.5.-MI - 4.5--MI-- :7..5 -MI 1-5--MI 25-M1 -35-MI. 45-MI TOTALc
;iECTOR
N 0 O. 0 a o -0 -30- -260 275 14.200  14,765
ME 0 0 0 0 0 0 350 4.382 1.300 354 6,386
AE n n n n 0 a& 184 620 556 B40
LAE U 0 0 0 20 96 608 1,165

.
411 3o4

—2.204
2.664

E 0 0 0 0 0 96 510_ 254 328 1.239  2.427
LSE 0 0 U 0 0 52 670 271/ 822 5.280 7.094
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SSE 0 0 0 0 .0 36 20.377 15,870 690 2,193 39.172
S 0 0 0 0 n 21.63' JIM lii 0_______7 • 0011 29.147
SSW 0 0 0 0 0

_1?
140 3,158 80 110 1 I 593 5,081

SW  .0.  Q U. Q. 0 _ 4 150  31140 - .274   354  3,922
ii,IS W 0 0 0 0 0 0 12 1.320 17,790 708 191830
If/  0  0 .0 . 0  0 . 0 0  200 4.345  21.400  251945
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NiVa 0 0 u 0 0 0 0 20 300 530

—410
050

TOTALS 0 0 0 0 20 464 49,784 41,887 29,596 57.841 179,592

CUM TQTL 0 0 0 0 20 484 50,268 92.155 121.751 179,592 179.592
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APPENDIX 3.F Assumed Meteorological Data - Western Region

Hanford Very Stable Category
Percent of all Occurrences

(Wind Speed in Miles per Hour)

Al_
NNE

NE

__,28__
. )4-
.29

4-7

.22_

.21

.-35

8-12

__.10
.11
.23

13-18

.02

.03

.11.

19+

.01

.02

.03

TOTAL5

.64___

.62
1.02

ENE .44 .55 .25 .04 1.57

E .50 .93 1.07 .41 .03 2.95
EE._._. .4e 1.03 . 1 •ga 1.05 .04 4.35
SE .57' 1.1itt 1.88 1.64 .20 9.34
5SE .45 •t:5 .55 .22 .00 1.86

S . 41 35 .70 .07 .00 ].(14

SSE .20 .18 •12 •04 .00 .5)
SW  •24__.__ _ _ •19 .10_ . .u3 .00
'tiSW . .1. 3. • CI) .02 .ro .4c

vf .26 .15 .6q .u2 .ri .54
WNW _ _______ _.?P__ .16 .05 .00 .0o 50  
NW .45 .3,1 .14 .05 .01
NWN .?5 .,7,', _ _ •(14 .77

- •

TOTALS r
. I 6.5e 7.27 04 40 p3.6L

N.B. Directions are those toward which wind is blowing.
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Hanford Moderately Stable Category
Percent of all Occurrences

(Wind Speed in Miles per Hour)

1-3

...__

..._.___

4-7

---.-1. "" --

is-12 13-1 19+ TOTALS

.....____ 
-----NI .27i•-- .15 .14 .1T .91
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T 01AL S 5. 1 )3 4 . t)2 6-F: 9.11 7 . 69 33.71

N.B. Directions are those toward which wind is blowing.
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Hanford Neutral Category
Percent of all Occurrences

(Wind Speed in Miles per Hour)

1-3 4-7 8-12
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N.B. Directions are those toward which wind is blowing.
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Hanford Unstable Category
Percent of all Occurrences

(Wind Speed in Miles per Hour)

4-7 6-12 13-jJ 19+ TOTALS

., . .49 .12 .OLI .02 .92
NNE .15 •LFF, .2Li !19 .17 1.27
NE .21 .'-11 .00 .53 .E7 1.92
rNE .13 .1:0 .54 .64 .71 2.42

E .17 .i4 i • .-.' 3 .26 .19 1.36
ESL .19 .L.,14 .1.4t; .59 .37 2.06
SE .:13 1.11 1.33 1.00 1.W.3 4.85
-Ii,c.._ - - - - ;145 *99

.47 .10 .32 2.01

.07 .22 .LI Y .12 .G3 2.53
sS .41 .72 .47 .25 .07 1.9c
JYt 4 .7n .35 .15 .06
WLks. .t15 .11 .04 .01 1.c),;

rc .46- -
NiNItN

.52

.45
.06 .00

.00
.00_
.00

1..06
.91

..

NW .29 .u9 .03 .no .9q
10, .14 .37 .10 .0S .r1 .65

TO7ALS t-3.38 9.69 5.30 3.97 3.41
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BATTELLE
HUMAN AFFAIRS RESEARCH CENTERS

SPECIAL PROJECTS

Fellow HARC Employees:

We are asking for your help in conducting a study of public
opinion about some proposed methods for disposing of nuclear waste
materials.

Large amounts of radioactive wastes are currently being held in
temporary storage. In addition, rapidly increasing quantities of
high-level radioactive wastes from commercial nuclear power plants
are being forecast.

Experts are now considering several methods for permanent storage
of nuclear waste. You may recall that nuclear waste disposal was the
topic of a conference held at BSRC in October, 1972.

Aside from the technology involved in various disposal methods,
one very important issue to be taken into account is the acceptability
of these methods by the public. This survey is being administered to
HARC staff as a first step toward determining how peopie feel about
some of the issues connected with nuclear waste disposal.

There are two parts to the study:

Part I deals with the questionnaire form you have before you now.
On the following pages, you will find (1) very brief descriptions
of five proposed disposal methods, (2) a list of categories to use
in evaluating each. method, and (3) questions about each method. We
realize that you are being asked to answer questions, given very
liznited and incomplete information about nuclear waste disposal.
Later today, however, a thirty-minute videotape will be shown which
describes nuclear waste disposal in considerably more detail; ques-
tions like those presented here will be asked again following the
videotape.

Since the study deals with opinions and attitudes, there really
are not any "right" or "wrong" answers to the questions. We are
mainly interested in your own judgments and reactions to the questions.
Your individual answers will be kept confidential and only group aver-
ages will be presented in the final report. It is not necessary for
you to identify yourself by name.

The group results and conclusions from this survey of HARC
employees will be included in a larger report to be submitted to
the Atomic Energy Commission. A brief summary of the group results
will be made available to any participants who are interested.
Thank you for your cooperation.

Sincerely,

Dr. S.M. Nealey
W.S. Maynard
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GENERAL INSTRUCTIONS:

In this survey, you will answer most of the questions by circling
a number, as in the example below. You are to circle the number that
best describes how you feel about the statement.

EXAMPLE 1. Read the statement below and answer the question by circling
the number which best describes your feeling.

How do you feel about driving a car on snow-covered, icy Seattle
streets?

VERY UNSAFE: 1 2 3 4 5 6 7 : VERY SAFE

If you feel very uneasy about these driving conditions, you would
circle "1". If you are undecided or "neutral", you would circle "4".
If you feel moderately at ease, you would circle "5", or perhaps "6".

DESCRIPTIONS:

Experts say that there are five general methods of permanent
storage of nuclear waste materials. More details regarding these
methods will be found in the following pages but briefly they are:

1. Geologic Disposal
2. Me-cap Disposal
3. Ocean Disposal
4. Stable Earth Orbit
5. Retrievable Surface Storage

In judging each method, there are several things to consider.
These are:

1. Distance - How far from the nearest person is the material
how deep in the earth, how high an orbit?)

2. Population .Density - Aside from emplacement distance, how
far from population centers is the disposal site?

3. Emplacement Operations - What is the nature of the transpor-
tation needed to get the material to the disposal site? What
is the state of development of the emplacement technology?
How likely are mishaps during the transportation and emplace-
ment operations?

4. Stability - Once stored, how would the wastes be affected by
Such phenOmena as earthquakes, volcanos, hurricanes or floods?

5. Detectability - If there is any dispersal of the radioactivity,
how well can it be detected?

6. Retrievability - Once the material is in its final storage
location, how easily can it be recovered for further treatment
or for emergency procedures?

7. Protective Reaction - If nuclear waste escaped into man's
environment, how effectively could the population be protected?
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DIRECTIONS: PLEASE CONSIDER EACH PROPOSED METHOD SEPARATELY. Read
each description of a proposed method of disposal and then answer
each question by circling the number which best describes how you feel.

METHOD 1: GEOLOGIC DISPOSAL 

This method would dispose of nuclear wastes by placing the
material in sealed containers which are buried in specially
prepared holes in the earth's surface.

Think specifically of the GEOLOGIC DISPOSAL method and answer the
following questions.

1. (Distance) What do you think about the distance that the nuclear
waste would be from the nearest person?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

2. (Population Density) What do you think about the distance the
nuclear waste would be from population centers?

VERY aANGEROUS: 1 2 3 4

3. (Emplacement Operations) What do
of-the Operations and procedures
waste to its storage location?

VERY DANGEROUS: 1

5 6 7 : VERY SAFE

you think about the feasibility
involved in transporting the

3 4 5 6 7 : VERY SAFE

4. (Stability) What do you think about the
being affected by "natural occurrences"
once it is stored?

stability of the method
(e.g., earthquakes, etc.)

VERY DANGEROUS: 1 2 3 4 5. 6 7 : VERY SAFE

5. (Detectability) What do you think about the ability to supervise
the waste Over time regarding radiation leakage?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

6. (Retrievability) What do you think about the ease with which the
nuclear waste could be recovered, once in its final storage location

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

7. (Protective Reaction) What do you thir.k about the procedures for
protecting humanity and controlling the dispersal, should the
nuclear waste escape from its container?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE
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Listed below are the seven issues concerning the disposal of nuclear
waste. Rank these from 1 to 7 as you think they contribute to the
overall level of risk involved in the GEOLOGIC DISPOSAL method. For
example, if you think the issue of "Distance" is the most important
feature to consider in evaluating total risk, you would put a "1"
beside "Distance". Similarly, if you think that "Detectability" is
the second most important contributor to total risk, you would place
a "2" beside it, etc., until all lines have a number beside them.

Distance

Population Density

Emplacement Operations

Stability

Detectability

-Retrievability

Protective Reaction

Taking all factors into consideration, how would you evaluate the
overall level of risk involved in the GEOLOGIC DISPOSAL method?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE
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METHOD 2: ICECAP DISPOSAL

This method would dispose of nuclear wastes by allowing sealed
containers of waste to sink into the ice of largely uninhabited,
ice capped land masses (Antarctica and Greenland).

Think specifically of the ICECAP DISPOSAL method and answer the
following questions.

1. (Distance) What do you think about the distance that the nuclear
waste would be from the nearest person?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

2. (Population Density) What do you think about the distance the
nuclear waste would be from population centers?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

73. tEmgiaCement Operatións) What do you,think about the feasibility
of the operations and procedures involved in transporting the
waste to its storage location?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

4. (Stability) What do you think about the stability of the method
being affected by "natural occurxences" (e.g., earthquakes, etc.)
once it is stored?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

5. (Detectability) What do you think about the ability to supervise
the waste over time regarding radiaticn leakage?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

6. (Retrievability) What do you think about the ease with which the
nuclear waste could be recovered, once in its final storage location'

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

7. (Protective Reaction) What do you think about the procedures for
protecting humanity and controlling the dispersal, should the
nuclear waste escape from its container?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE
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As you did with the first disposal method presented, rank the
seven issues in order of their importance as contributors to the
overall level of risk involved in the ICECAP DISPOSAL method.

Distance

Population Density

Emplacement Operations

Stability

Detectability

Retrievability

Protective Reaction

Taking all factors into consideration, how would you evaluate the
overall level of risk involved in the ICECAP DISPOSAL method?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE•



METHOD 3: OCEAN DISPOSAL 

This method would dispose of nuclear waste by placing sealed
containers of the waste on the bottom of the ocean.

Think specifically of the OCEAN DISPOSAL method and answer the
following questions.

1. (Distance) What do you think about the distance that the nuclear
waste would be from the nearest person?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

2. (Population Density) What do you think about the distance the
nuclear waste would be from population centers?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

3. (Emplacement Operations) What do you think about the feasibility
of the operations and procedures involved in transporting the
maste_to_ its stnrage location?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

4. (Stability) What do you think about the stability of the method
being affected by "natural occurrences" (e.g., earthquakes, etc.)
once it is stored?

WaYlIWGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

5. (Detectability) What do you think about the ability to supervise
the waste over time regarding radiation leakage?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

6. (Retrievability) What do you think about the ease with which the
nuclear waste could be recovered, once in its final storage location

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

7. (Protective Reaction) What do you think about the procedures for
protecting humanity and controlling the dispersal, should the
nuclear waste escape from its container?

VERY DANGEROUS! 1 2 3 4 5 6 7 : VERY SAFE
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Rank the seven issues in order of their importance as contributors
to the overall level of risk involved in the OCEAN DISPOSAL method
of waste disposal.

Distance

Population Density

Emplacement Operations

Stability

Detectability

Retrievability

Protective Reaction

Taking all factors into consideration, how would you evaluate the
overall level of risk involved in the OCEAN DISPOSAL method?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE



METHOD 4: STABLE EARTH ORBIT

This method would dispose of nuclear wastes by specially
encapsulating the materials and placing the sealed containers
in orbit around the earth.

Think specifically of the EARTH ORBIT method and answer the following
questions.

1. (Distance) What do you think about the distance that the nuclear
waste would be from the nearest person?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

2. (Population Density) What do you think about the distance the
nuclear waste would be from population centers?

VERY DANGEROUS: 1 2 3 4

3. (Emplacement Operations) What do
of the operations and procedures
waate to its storage location?

VERY DANGEROUS: 1

5 6 7 : VERY SAFE

you think about the feasibility
involved in transporting the

2 3 4 5 6 7 : VERY SAFE

4. (Stability) What do you think about the
being affected by "natural occurrences"
once it is stored?

•

stability of the method
(e.g., earthquakes, etc.)

VPRIF DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

5. (Detectability) What do you think about the ability to supervise
the waste over time regarding radiation leakage?

VERY DANGEROUS: 1 2 3 , 4 5 6 7 : VERY SAFE

6. (Retrievability) What do you think about the ease with which the
nuclear waste could be recovered, once in its final storage location'

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

7. (Protective Reaction) What do you think about the procedures for
protecting humanity and controlling the dispersal, should the
nuclear waste escape from its container?

VERY DANGEROUS: 1 2 3 4 5 5 7 : VERY SAFE
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Rank the seven issues in order of their importance as contributors
to the overall level of risk involved in the STABLE EARTH ORBIT
method of waste disposal.

  Distance

  Population Density

  Emplacement Operations

  Stability

 -Detectability

  Retrievability

Protective Reaction

Taking all factors into consideration, how would you evaluate the
overall level of risk involved in the STABLE EARTH ORBIT method?

•

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE
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METHOD 5: RETRIEVABLE SURFACE STORAGE

This method would dispose of nuclear wastes by placing sealed
containers of waste in specially designed buildings on the
surface of the earth.

Think specifically of the RETRIEVABLE SURFACE STORAGE method and
answer the following questions.

1. (Distance) What do you think about the distance that the nuclear
waste would be from the nearest person?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

2. (Population Density) What do you think about the distance the
nuclear waste would be from population centers?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

3. (Emplacement Operations) What do you think about the feasibiliLy
of the operations and procedures involved in transporting the
waste to its storage location?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

4. (Stability) What do you think about the stability of the method
being affected by "natural occurrences" (e.g., earthquakes, etc.)
once it is stored?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

5. (Detectabiiity) What do you think about the ability to supervise
the waste over time regarding radiation leakage?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

6. (Retrievability) What do you think about the ease with which the
nuclear waste could be recovered, once in its final storage location:

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE

7. (Protective Reaction) What do you think about the procedures for
protecting humanity and controlling the dispersal, should the
nuclear waste escape from its container?

VERY DANGEROUS: 1 2 3 4 5 6 7 : VERY SAFE
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Rank the seven issues in order of their importance as contributors
to the overall level of risk involved in the RETRIEVABLE SURFACE
STORAGE method of waste disposal.

Distance

Population Density

Emplacement Operations

Stability

Detectability

Retrievability

Protective Reaction

Taking all factors into consideration, how would you evaluate the
overall level of risk involved in the RETRIEVABLE SURFACE STORAGE
method?

VERY DANGEROUS: 1 2 3 4 .5 6 7 : VERY SAFE
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Consider the topic of nuclear waste disposal in general and rank
the seven issues as you think they contribute to the total risk
in nuclear waste disposal. Place a "1" beside the issue you think
contributes the most to total risk, a "2" beside the second highest
contributor to total risk, etc.

Distance

Population Density

Emplacement Operations

Stability

Detectability

Retrievability

Protective Reaction

Taking all factors into consideration, rank the five proposed
methods in order of their acceptability to you. Place a "1" by
the most acceptable method, a "2" by the next most acceptable
method, etc.

Geologic Disposal

Icecap Disposal

Ocean Disposal

Stable Earth Orbit

Retrievable Surface Storage
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